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1.* HOW CAN YOU USE HIS MANUAL?

IntrOduction'

This manual has been prepared for you to use in your workshop. It w.1.11

trY io help you:

1. Learn more about two important areas of industrial engineering--work
simplification and production standards, ,

2. See how to apply this'knowledge to problems.found in most,workshoos,
,and

I.

4

3. Find ways to i rove your own workshop.

You may be a leadman, lead-worker, or crew leader; a work supervisor or 101w

foreman; a department or section supervisor; alpsroduction or workshop supervisor;
an operations manager-or plant manager. Or you mey be.tha workshop director,
exechive director or general manager. No matter Aat your job, you have some
responsibility to establish ways in which work shall be done, So this manual'

is for you--the person who selects and controls-how-other peopleAdo_their work.

0 It doesn't matter*how mariy,people look:to you for leadership.- The knowl-
edge and techniques of work simplification.and.oroduction standards are the same.

,
Of coui-sd, ttie higher your rad in your organization, the greater your oppor1tunity
to-set the stage and.encourage--éven rbquire--good practices in work 'simplification

. and production standards.

Even if you supervise onfy two or three others, You can see that.their work ,

is done in the right way. In fact, as a.first line supervisor,- you will often have
the best oppolunity to demonstrate that thejechhiques of york simplification

.

really.do work% . \
0 .*

.

In some places in this manual, you will notice that facts or ideas are num-
. bered and listed in. outline form. This is intended to make it easy for you to

get the main points quickly. Yut this calls for a few words of cautioe. Remem-

ber, in normal reading.you skip over some words Sid phrases to get to the author's
.ideas. In outlines, however, extra-Words which give flavor are eliminated; only.

,
the core ootnts remain. .So you should.read the outlin'es slowly, carefully--per,
haps twice or even three times. Think of Mow these ideas relate to ideas or facts P

you a1readrknow. You will thus supply thp real.meaning to enrich the frame pro- i
. .

vided by the'outline.

As you read this manual, notice that a question ippears at.the begtnning of
each section. We all tend to learn better when we are seeking answers to questions.
Each of these questions is asked in the hope that you wilT say to yourself, "1 *

want to know...." When you came toethe beginning of this setion, for example,
you might have slid to yourself, "I 'want to know the anslpr; how do I use this

manual?" b on each page you will'flfld materials--facts, ideas, cdcepts--which
answer thexquestion asked attheobeginning of.that section. .

-.

o
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WHAT ARE TUE COMMON GOALS OF REHABILITATION AND.RRODUCTION?

4
The titleoiv this manual, "Prodyction Improvement in a Rehabilitation

Workshop," might i0ply that to imprOve production in such 'workshop, special -A
techniques are needed. That's not to. If you study.the elements busindss 4
,fiilds essential for success, you will find that the same elements are needed !
for a workshop .0 succeedrin its job of rehabilitat4ng people for work.

Astde from the'element of luck, both the successfultbpsiness and the
0successful woilcshop nOd:

,l. Mature leadership--a,boss who is stable and grown-up emotiodally.

2. A clear sense of direction--for if you don't know where you are going,
any road will do.

. . -

-3. Adequate financing--insufficientcapitibl is .m4inly responsible fOr the
fact that 80% of all new businesses disappear within five years.

4. Intelligent, constructive supervision--foremen who know and understand'
the human factor.'

p.

p.

A modern, well-equipped physital plant--working Conditions add tools
should contribute to the production brocess, not hinder it.

6. A businesslike work atmosphere--real work can be done n6ither in a grim.
dungeon nor a country club.

7. Good work methods--use.of the "better vay" in material handling, job
layout, and laborsaving jigssand fixturete

Performance standards--time standards for production wbrkers, and
satisfactory performance measures for clertcal workers and.staff.

.
.

,

9. Adequate records-_-of production, payroll expenses, sales, income
and personliel. -

10. Real communication--between workers, staff and administration.
.. .

. 11. U,nOrStanding of the market--irhich the company's products are sold.
,,..

.
t

0:

I Although there are brisiness'firift which lack some bf these elements and
still appear to operate profitabfiy, their chance for long-term survival.is
substantially lowered if enough of the el en key.elements are.missing.

It is hard to find anY element in this ist which a rehabilitation wprk- -

\shop can do without.

Because good work methods and performance standards are frequently ne-=
glected in worksbpps, they are the focus ofour attentjon.in this manual. B t
here are some additional reasonsfwhythese subjects belong in any.training
progrp for wdrkshop peesonhel:

1. Develop4nt of work methods through work siWplificatio is ofien.a
m'eans of evaluating or helping the client in his woekshop experience.

2. Work'siMplification is specific, concrete and demonstrable.
.

3. Work simplificatipn is-more easily dontrolled than swe of the other
elements Wreviously listed. ,

0

2
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It usesean analyticll -approach, work simplification cattilead
to -ipproviements in other areas of.worksh6p function. . ,d;'

- .
5... Interest in work simalificatfonsmust be renewed periodically even by

those who' haVe had,formal training or .experieuce. in it.
ti-tz.

Fair production standards* can be egtablished.only after good work
methods hOvel)een seTeted and specified..

1 4
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ARE THE ATTLTUDES:.OF.PEQPLE TOWARD CHANGE 'IMPORTANT?

I

. . .

Befpre we loOk-rat a perSon'i attitude toward change, we shoyld look at

w'hat the -oiyiinary yorker,wants from his job.

.1. .0P ORTUNITX to 'be doing something ,useful from his point.Of view.

2.**, RE OGNITION of self worth,and of .his accomplishments.'
II

3. DEL9NGING'Or the feeling that he is a part of a group with whIch lie

.' identifies. r

4. SE4IT.V. o'r the- abilitysto plan ahead with confidence so .far as job
ret.ention, financial obl igation ; etc., are *concerned:

I . . 4
1 What a worker does in his job does not always.give him.what he. wants' from

. the job. But .h.ddes try to gain as much opportunity, recognition, belonging,'
and secyrity as ,he^can.. Hence,, whenever changes are suggested, hiis usual reaction

is to ask: what will I gain, what will I lose from this, He will look with stis-

.picion on most neW ideas. .To counter this normal and natural resistance to

, change, the worker must be helped to feel he will gain soMething, or will avoi'd. .
losing sOmething..; ',:

i;

t

\

Resistance to Change may be a symptom of:

1. Resentment of criticism--"whether or snot criticism was intended

or implied.
. t,. .

2. Fear or=the unknowna thr4at to4Pcurity of job, income, status:

3 EgO involvement with' present or oldmethods.

4. NatUral persistence of established habits'.

5. A concealed.attack on a superVisbr who is not accepted.

a

Problems-which might,be encountered from workers when metiods a.re changed.,
incl ude: . .

1. Slowdowns, slow to learn new ways ..

2. Won't use ndw methods .
...

. :. .

3. Sab'otage of new method

4. Complai sir thienew method is tiring
.

v

5.. ComplainV that they will have to work .harder
i

,
6. Increases in other grievances ."

.

.

.

7. Commenls that new methods will Work people out of "their ,jobs' - -.

, 8. Comments that rates will be cut .

Reasons for the problems whiFh may arise when methods are changed:...

A i Year of the unknown .

°
Fear, of losing jobst 2.

f
3. Distrust of management

...--

Failure -to* understand -kbat work simplification really is

5. Lack of information about new method -
1

6. A feeling.that the new methods make them less impordnf

4 , .8
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A person's attitude toward the changeg you suggest will,'more than any ;

other factor, determine whether& or not they are accepted and adopted. Securing
a favorable atti-tude from your workers or your boss is as important as the worth'
or value of the\change itself. A poor attitudg can Tender the best idea for
change vorthlesS,. A good attitude toward change", howeVer can utilize almost
any idea and produce improvements in excest-lpf the original value of-the idea.

AA. CAN THE NATURA RELUCTAINiCE TO,ACCEPT AND ADOPT CHANGES BE OVERCOME?

Ways to overcome roblems and gain employee a'4e0tance of new methods:"...

1. Give information

-.Why methed iS being used
How it will work
When it yin go into effect
Who will be affected
Where will it be put into effe&t
What is to-lie----charcg-ed s*

,2. Get pxiticipation

kn-planning stage and testing stage
Solicit suggestions
Provide time for questions

3. Provide training in the use of the new methqds

4. Use

4.

, Keeping people inforMed and bseating opportunities for them to become
involved in findini and selecting changes which affect.their work will vlr,
tually assure that your improvements will. be accePted:

You will also find that the,employees Who report to you have many ideas
which can lead to beneficial changes. .

.

The secret in both casesis to recognize that the word "your" is thi-ee-
fourths "our." An employee can take a very,dim vieW of "your" changes, but:he
has much at stake 4nd will work hard far them wher0They are "our" changes.

To make.effective use of workAimplification you need supervisors who:
.

1. Get satisfactton from innovating
/-

2. Gain the involvement and interest Of their workmen

3. Will teach and aemonstrate

4. .Will follow7up to be sure changes are understoW

4,
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_ .4. .HOW CAN A QUESTIONING ATTITUDE.BE DEVELOPED?

. s

tiople wh6 are successful in Using either a common sense or the formal
systematic approach to work' simplification have characteristic ways ethink,ing.

The state of mind required' includeg:

1. klief that there is always a better way to do a job

2. KNowTedge that the'"one-best-way" is never achieved

3. Realization that the theory and techniques of work simplification
-cari be applied 0 almost any job or procdss

.4. Possession of the valuable tools of curiosity, questioning, and
imagination'

5. fittitude tha.t nothing is sacred about the present methods being used

When you have a willingness tsrl2e_ criti cal., you_are rea4y___tomba.rk_o;n___

work simplification. "Critical" as,used here is. a constant looking for ways
things can be done differently;:not the destructive, fault-findiv kind
associated with critioitm.

.As Kipling said:

"I keep six honest,'serving men;
They taught me all I knew.
Their ,names are what, arid why and when,
And-how and where and who.

.-

.0f-Kipling's inquiring men limn. Why" usually does the best-arid most .

prOductive questiOning.

,v *
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.$ 5. WHAJ 'IS WORK SIMPLIFIGATION?'

The defibition of work simp3ification is the organized application of
common sense by everyone to eliminate waste of any kind--of time, energy,
materials, space, or equipment.

You don't have to be an engineer or .exArt to know that a workman taking
12 steps to get material is wasting both time and energi if the material could
be located closer.

,
1

,
. - . .

'But work simplification has been developed as a tool of Ooduction. It is
a system of finding better ways to do work and of putting the better ways into

,

..

.. P

, ef;e,st. : .

,

.

. 0

Work simplification can-be used in all types of.work prOblems. It is
equally suited to the production line 'of the workshop; the warehorog; the office;
or even in our homed in the kitchen, laundry, bathroom or dressing room. It
can be very simple or extremely complex.

. ..,

r

An summary, work simplification seeks to:

1. Reduce the effortorequired
,of workers

2. Improvelproductivity --quicker

3. Eliminate waste --cheaper-.

Key Word

--easier ,

. .

The principles of work simplification include:
.

......,

I

1. Productive activities are. stressed. Nod-prodlIctiv4 actik;ities should

be eliminated.or.reduced to a minimum.
.

2.01 smooth floNiof activity should be laid Out from operationto -

Ipperation in a process, or a balanced pattern.arranged for an operator
ag a work place.

.

3. Acpvity should be as simple as possible--avoid the RubF Goldburg way.

4Lr
a

articipatiOn of the people involved can be best secured by:

. Prepare'their understanding af work simplification in advance

b, Give them sufficient "know how" to apply it to their work

c. Stimulate their interest, initiative, and imagination by showing
and dramatizing results. Spch participation should lead to
enthusiastic-cooperation

5A. WHAT ARE THE AD.VANTAGiS AND DISADVANTAGES OF WORK SIMPLIFICATION? 11

Adv ntages

To-employees:

1. SOer work
2. Lgs fatiguing work.
3. Less boring work.
4. Improved morale

,5. (Often) higher wages due to increased productivity. /

7

e



Ik4orkshop::

Reduction of and 'costs-

A

1. waste
2. Increaed productivity 41

. 3. Improved gullity of products manufactured
4. Improved customer service

-

5. Development of a climate which is'more receptive'to chagge

6. Assists development of an analytical approach to problems
7. Eliminates bottlenecks /

8. A systematic and orderly approach wil0-yield better results than
a haphazard or inspirational approach

9: Yields up-lo-date competitive wcYrk illethods

10., Improves rehabilitation.results through better and more employable
work skills of clients Al

.

To supervisors:
,

'd 1. Your job:becomes easier as,th'e morale of your people impfaves
2. You have better relations wit_h your people !
3.

4.

Standardization of methods giVes you mofre time to'deal with the
human problems on the job

,

,You get personal satisfaction from leaing an effective team .
5; You have pride in a,job well done "'

6. It adds interestand challenge to you?' work
7. It helps make your job more secure

Disadvantages

You Tust guard against: 0

1. .Stirriqg up problems which can't be solved due tortage Of
work, money, etc.

2. Calling on already overburdened superyisor
3. Proposing changes which will not reduce costs evougb to repay the

expense of the study and change-over
. 4. Creating problems with incentive pay.systems which would have to

be changed

5B. WHERE CAN WORK SIMPLIFICATION BE.APPLIED IN A WORKSHOP?

Work simplification can be started in-any of' the following places. They 4

are listed in the usual order of attentiOW.

1. Layout! The locations of raw m rials, work .statlon, and finished
products in the plant.

Material Handling:, Distances and equipment.'w

3. Sequence: Tbe order in which the steps or operations are performed.

4. Wbrk,Methods: How the dmployee does his joLltmanner of performing
the operation.

5. Layout: The locations of materials, tools, equipment, and jigs in tile
wOrk stations.

41

146
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Equipment: Osed in peoduction. id, ..
. 1, .

7. Rroduct .Design: The physical properties of the product: specie:.
frations,:tolerances, appearance, and functional. use,.

Materials: Used in the product and.ai sup015ed tcr faai:litate its

production.

, First line supei-viSors br,,,,foremen have their greatest

inflUence.the work 111e:0i:ids, and- sequence of,work operattons

over whom they. have

.9pportunify,lo
of the wgrkers

.. . s ,U, - . . .. , . .. , .-i. 1 .
' !'14orkshop direCto-rs or managers should- first lools to. the fayout-and material

hand.ling.factorg..- -Then. supervisors .should be -trained who will carry ollit Work .

sinylification' in tileir own area-§ of retkonsibil4ty.
...

a ...r .- . . . .
. .

, ...
.. EquipmentchangeS_shtuld be more freqUently eximined. The .use.oflabor .

saving machimqry in mork.:sbopg for the handicapped iS sometimeS.:opposed by thoi'e

who.thiTktheY ar.e..diling the clients a favor: -.NOthing 00 d::be urt,.heA from.the

truth:: Antiquated,.-itiefficient toOls in a skilled workman's -hands-is ,s, fficiedt.

in itstif to.handicap,hiM. When handicapped clients areforced to-use .obsolete

equiPment, they at'e burdened -.with 'a' --do.uble handicap.1,-their Own and the.one-

. impOsed by the maphine?y (or lack of it):.
.i.,_,-

..-Product;design and the Selection of materials' is gerierally, up to the .. .

customer for -contract shops. HoweVer; suggestions- a wonkShop can .Rake baSed

on its e0erience with similar products which'saves tne customer's. money can :

result:in a very favorablerelationship.

In-snops where- prime nianbfacturin6 is carisied on, design and. use of the_most
is_extremely_jmportant, since material costs are tWo to fotr

times greater than direct labor costs on the average.

5C.. WHAT STEPS DO tot) T.SKE TO SIMPLIFY WORK?

z

1. Select the job to be improved.. Jobs Wnich:

a.
bit

Are bottlenecks
,

Involve large amoun,ts of labortilher in orte chunk or a

repetitive basis .11

Require al, lot of wal king
,.

Have a large proportion of "make ready" and'-"ppt.away"'
Have workers with considerable amounts of idle time, idle equipment

a

Apply the elithination appreach
k

a.. Identify the overall reason or purpose or intent bf the jOb.

Question: Is it s ill needed?
b. Are there any alternat
c. I s:' there any dupl icati

3. .Study the job in detail 7.

a.' Use flow diagrams, process charts, or operation charts as appropriate



..

I.

4. Question each step of the job
9

-a. Why is each "do" operatfon necessary?
b. Why'are other steps necessale
c. What is beipgrdone--could 'it be-eliminated, done in some other

Way?
d. Whetie is it done--why here, could it be done at another place?
e., When is if being done--why dow, could,it be done at another time?
1. Who does it4-why this,person,_who else could.db it? .

g. How i§,it being done--wpy this way, what other.ways 'could it
be done?

- s

.0eVe1op alternith proposals for improved methods,

a. What questions lead to elimindtioqe eipecially of.movei and°
storages NaAL

L. Where, When and Who questions lead to.cbmbihing and reArranging 2
c. How qbestions imprpving

6. Select ,the best proposil

a. is tmportant to havk.several-thought-out proposals
b. Reject those which ore not feasible.
C. Compare the remaining in terms of:

1.) opera;ting cost changes--labor and overhead

2) installation costs

.#

40;

.

3) other changes affecting: qualitit, personnel,-safety,

production capacity.

Sell the selected proposal to management and,the woricers

Put the improvement fnto effect

ec

the.expected results

. -

11/4.
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WOT.ARETHETOOLS AND TECHNIQUES. OF WORK SIMpLIFICATION?

Work.Simplification FormS
. .

It is impOrtant to recognize the function of the forms And:Charts which
.are used in work 'simplification. They are not essential fn making work simpli-
fication improvements. In fact, if you have been in the habit of cóntinuously
iMproving work operations id your workshop, you have undoubtedly been using some
,bf the ideas of work simplification without the specializes' charts and forms.
This is not to iay that these devices are of no use. Quite the contrary, they
haVe been found over years af use to be of great value in gathering and visu-'
alizing information about the way 'work is being performed in many indbstrial
production and office situatiops. They are tools which must be used to fashion
changes. They are notin'themselVes, the end product.

We shall concentrate 'on two of the most useful 'of these forms:.

1. The'Flow Di4ram

2. ,The Procegs Chart
0 .

In addition, three other forms are used.in more advanced work simplification.
Althoudh they will not be explaind in detail, nor lised in training sessions with

10



-

:this manual, xou should know of their existence. They-are:

3. The Activity Chart4sometimes called ecman-machine chart, a multiple

'activity (crew) chart,.etc.) whichShOws.how long pachsts working or

.iS idle. .

\
:11.. Operation thart (sometimes celled a left hand - right hand chart, an

. MTpi chart, etc.)

5. , Operations P.roaes:StNart which shows whdt operations are perfOt*eq, the

. . order.in Which they are performed; an,d the potnts at. which4naterials .:
-; are added.. .

i

''Principles'orilotion Economy

"

Knowledge-of tbe human body's ability to perform work is called:

6. Principles of Motion Economy
14

Personal Skills
11.

Techniques which are supplied by you, the supervisor, include:

1. 'Observation
2. Questioning
3. Analysis
4. Innovation
5. Selection
6. Teting

It should be remembered that the use Of these twals agd techniques should

be limited to an activity or work operation'which is important,enough so that

even a slight reduCtion in time required.for its completion will be a worthwhile

benefi

./

They are used to:

I. Explain a present work method

2. Improve a present work method

3. ''Plan a new process

..
4,



HOW CAN YOU MAq AND.USE A FLOW DIAGRAM?

The flow diagram.should be the.first device used in analyzing ,the over-
,

all performance of a jOb, a department, or p section within a workshop; ot of
the entire workshoR. It is literally a imoad.map. which traces the flow of -

matellals or movements of persons An the, production procest. Using it helbs
to pinpOlInt:

14 Long'moves between operations. .

2. Small* volume items, or low- prOdudtión.work 'areas locaied .on the most - i

direGt line-of-flow. ,..

-

. *
.

.3. Backtracking.

4.. Large volume items or high production work areas o long. routes
- . 0 or through out-ofrthe-way co'rners.

5. Stollage areas which interfere with material flow.

Material handling and the travel of *people predominate the ilow Viagram
considdrations.

, I
. ,

e'
The flow diagram is a sketth of the work area, preferable to scale. It

shows the Oth taken and the distances travelled. by the materials "Or person
being studied. .

It may be a simple sketch or a more Oetaijed drawing like' the ones. which
follow on the n;xt /three pages.

c;.

I.

12
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'6A. WHAT MkTER1AL'HANULINIME
.

Hand Systems . 11/4

a. Tote bLes: -Available as rrugated boxes at low c_Ost for light

parts or as petal or wooden boxes.
- ,.

" b. Barre'l. dolly: A frame with casters for use .under a steel or: fibwe

barrel.' .

c. Two..wheel hand truck: , For fast Moving of stacks of cartons,- boxeS,

or barrel s . j

d." Foiir.wheel blatform truck/For moving larger quantities of carOns

or stacleble whiel) are put on and removed.by hand.

e. Four wheeled, box?-like canvas trucks, also made of plywood or metal:
For.moving loose, bulk material,which needs a container with sides.

Pilling is easier than emptying..

OULD YOU CON$SIDER IN A FLOW pIAGRAM?

f. Pallet doliies: A frame with _rollers which will hold a loaded pallet

but can 'be dasily )Dushed, and moved short distances hjf'hand. .

g. Pallet jacks: 'A wheeled device, to lift' -pallets or skids-a feiq inches,'

off the floor so' they can be .mo.ved by hand. 4

2. Industrial' Truck Systems,

a. Electric fork lifts: To raise andstack pallets or skids, Avail-.
able in models to be.pushed around by hand, powered movement with
operator walking, or fUll riding models. Requires higher initial

cost but has lower operating cost. Clean and quiet operating::

Bottled gas fork lifts: To stat(and move llets or skids; Cleaner

operating than gasoline trucks.
w,

e. GasOine fork lifts: To stack an move pal ets or skids. Also

eVailabl-eto grip roUrtdor. square material t eliaminating--the-Lhee
for pa,llets. 4 4; .t

Gra4ity Conveyor Systems

/ a. Ro-ller conveyors: For irregularly shaped materials.
.

b. Skate wheel conveyolhs:- For cartons. or smooth bottomed items. t Also

can be used with flat, reusable boards on which materials af-e stacked.

c. Sl ides: Smooth- metal chutes .

chutes: For vertical delivery without u.ir1g much 4ace.

Powered Conveyor Systems -

a. Roller and skate wheel conveyors combined with a driven belt.:

Permits movement along a, level surface.

[ielt conVeyors: Fot movinkapn a level surface or ifor up a slope.
f

c. Movi,ng chaih in floor or overhead: To which carts .or parts can

be attached,to pull them around a fixeld pathwa4., w'

Stqrage Systems

ja" Pa-1,1ets: Low wooden platform usually made of 2x4's sandwiched in

a.. 1" limber or,pl.tywood so fork lift -trucks can Move .or stack it.

17.
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. -
Skids: Ow wooden platform made of 2x4's or 2x6ss with a top deck.
of 1" lumber or plywood Aso either fork lift trucks or pallet
jacks fa move it.

c. Pallet tbards: Sheets of hardboacd, plywood, or corrug*ated paper
board which-are inter*er.sed between layers of artons sta4ed on
-the floor or Onipallets or skids to add stability to the stack.
Also used on top of a pallet stack to' evenly distribute the weight

. of another pallet load-which is PlaCed on top.
d. SheIves °or pallet rocks: elkpipe -and plyw'oad wi th. speciai clamps .

. which allow it--to'be asily changed or Moved without loss 'of
,

..,materialsrof slotted. angle iron arid jab/wood prbviding 'easy con-
.sti-ucti.On and Aljustment of shelf spacing.

.. . , ),.

0., HOW CAN YQU USE- A OtOW *DIAGRAM TO 'IMPRbV.E PLANT LAYOUT?..
. - .

Good layout requires: 's

.
A. Placing .the proper 'equipment

.

,In the ritht place L.

To permit processing the item by the best method
"Through the shortest Rossibie distann
In the* shortest posfrible time

Danger 'signals of poor layout:
I. Congestion of materials or inprocess assemblies
2. Excessive work in process
3. Long transportation "

. 4 Production bottlenecks
.----7---'57--Exces'sive material handling-by skilled operators-

.

Xr7r

6. Long productionscycles r`
7. Idle eqUipm:ent,

Types of Tayouts:,
,

I. Fixed position: Material stays in one ploce,. machirtery, and
men. are 'brought to it.

2. . Process'r All operations-of theifame type are grouped together:
3. Produdt: Mathinery and* work stattons arranged tin *a sequence as needed

for the 'professing or assembly of a product.
Considerations in layout design:

1. Weight.and volume of mate0a1 to be handled.
2. IStorage'requirements': Warehouse, atiwork statioti surge piles.
3. Number Of different handlings and available jethbds.

Sequence and distanqes of material _flow.

1.0

Necessary aisle width to accommodate moterial handling equipment, pallets,
hand. trucks, etc. -

AccesS for samplihg and inspection.

-Y.

18
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9f`5
/11,

t)"--/
7. Visual sulervi sory co trol

.

8. Locatiori of rest rooms, dr,ihkihg ater, lunch rooms, etc: .

A' .. . .

9.. Locations of utilities,*-CoMp ed airolighting, heating, ventilating,
ai &

. 01

aieconditioning, etc.

10. Relationships. to s iiOrting ser'iii-e65. nteriance, timekeeping,i
-,Olipping and receiving, etc.

11. - Adaptabil i ty and i
1

fl exi ili li ty to chariges e iisns. .
,It . .

12. .F uturecrowth needs. :. r.L .

- 13. tost of changes.. .
...

d'

p ,...
-.N.,. ---# I i

Layout .problems occur-'when a *subcontract by manufac Urings process is to be

analyzed so floor spade can be assigned in -bod't the war house.or storage area
and on the production floor. ..... ' -,,, \.. -1,-,.:,.. 4

x.

'":

The factors th be contidered include the:

1. material's which are involved

2.. mackihery to bp used
.3. work operatiorts to be performed

quantity of output required. in total ahd 4amoUnt expected from
each worker

5. methods of material handlin9 to be used

6. produation scheduleto be. followed
3

)
Data. on materiaTs must be provided for. the:

/.4.1

a. raw -materials

a b. semi.-fihished or,finished component wIch. goes to° make up a final
,,..H.oduct 'tin' later assembly. Or manufactu ing

c. Turge pile of materials, semi-finishefl component or finished

, product at each Wo-rk station

d. finished .1roduct

Fo. each of the above forms of material...the iollowing'information must be--
suppl ied:

1. cubic sizet of the standard sized Container, tusual package or

"in"divi dual piece

2. weight of the:standard container, etc.

3. nuMber of units of material or product in the standard container, etc.-

4. total number of units of material or ,product required or produced

for the job

5. method of stacking or storing including pallet size, if applicable

6. maximum height to stack or number of standard containers per square

foot of floor space

Data on, machinery fnust biclude for each piece ipvolved:

a. its name or description



'N b. the floor space requi'red for it_ ,

. .

c. fhe additional.floor space required for materials 1Which may
extend beydnd it while in operation

d. the floor space required by the.operator flor safe operation of
the machine

- Data on work operations must include tho names or description of each opera- .

tion to:

a. perform processing oterations

b. 'perform inspections

;c. package and packt.the product in preparatilin for shipping or deliverY

For each of .0e above operations the arioUnt-of required floor space must be .

noted 'unless' already covered.under machinery.

Data on'the quantity of output must include thefollowing dakfor.each work
operation listed above:

a. hourly or daily production schedule which will meettHe required
deltVery date,

b. expected output from a non-handicapped worker in competitive
industry, and

the estimated productivity of each client to be assigned to the
job for the work operation he will perform, or

the expected actual output of the clients assigned to the job
for the work operation they will perform

o s are ,suggested in Section 6A.

s The production,schedule establishes the estimated start and completion dates
for each work operation. So far as possible, it permits eachywork operation to
dontinue uninterrupted until the entire job is finished.

Information and forms related to a job of wrapping and !Ackaging candles'are
shown oti the next few pages, What material handling methods woUid ybu use and
how much warehouse and production floor space willabe required? Assume that all
the materials for the job are recgived at the same tide. Alsd, that the finished
prOddct will be shipped or delivered to the cuseomer in from oie to three lots,
depending on the workshop's preference. )

20
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PRODUCTION ORDER
4coo. 402.

s. Quant ty ,./07 "Job No.. la Item No.' Item Name Cm/

Customer '8'0 Covice:4, eila, . r 0.- No. ' Contact'
.

.

...,,...._-.7.
custaner.

Startit/," 1,/.'. Finish ' Phone.
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.
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4
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Present ..

1m roved Methbd
PRODUCTION STANDARD4S & ESTIMATES

Date Item CAI/ 4FS
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N

A
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HOW CAN YOU MAKCAND USE A PROCESS CHART?

The proceSs chart is the.most widely used work simplifitation form. It is'

prepared afterthe flow diagram has determined the material handling pattern
'and work station locatioqs. The process chart's wide usage is a result of its'
Ability to describe the work of a person on his job (man process'thart), the
changes in an item as it goes through manufacturing (material process chart).
'or the processing of a piece of paper or a form through a clerical routine
(form process chart), to mention a few.

.

Symbols and definitions have been developed for use on process charts.
These include: .

A "doing" operation: when an object is.changed Physically.or chemically,

or is ssembledvor disassembled.

." de ready"' or "put,away" operation: when an object is arrangeg. or

ared for another operation, inspection, storOge, or transportation:

[2:>A transportation: when an object is moved except when the move is a
part of an operation-or is made'by,a worker at his work station,4

1-1
An'inspection:* Wien an object is examined for identification or checked
for quality or quahtity.

0

.

A'delay: when conditions do not pewit or require immediate.performance
of the next.operatton or inspection or storage., ,

N777 A stora96: when an object is kept and protected against unauthorized
removal. s.

The steps in the' preparation of a proced chart includes:

1. Identify the area or problem.which is to be studied.

2. Choose the subject to be followed: a person, a material, a product, or

a form.
_! 'J

3. Determine and describe the starting and stopping point in the manufactur-

ing Or processing process.

4 Write a brief description.of each step-avo4d the use of "and" to keep
from combining two steps. Use action verbs in each phrase.

5, Assign a symbol to(each step.

6. Record the time taken and distance travelled, if applicable.
P

7. Redord the quantity produced, if applicable.

8. Note where problems exist and jot down brief ideat for improvements.'

9. Summarize the operations, moves, inspections, storages; and delays.

.15. 10. Contult with employees before preparing the final chart.

The mqvte THE FLOW PROCESS CHART AND HOW TO USE IT, may be. rented ftlr $9.00

for three l'iays from the Audiovisual Center, the University'Of Iowa, Iowa City,
Iowa, 52240. .

eit is anlArmy training film showing the steps in making flow process charts

for present and improved operations. The last part of the 'film shows an' animated 4

Private Wilbur Brown who uses process 'charts to analyze and speed up his shaving

So he can,overcome being late for inspection. 6

25



A material process thart on the packaging. of instant coffee as depicted in
the flow diagram in Sectian 6 is shown on the next pdge.

,The fdllowing questions seem appropriate when the flow'diagram and- process
chart are examined:* ,

1. Could the bag opening be eliminated.as a separate operation and be done
as a part of- the packaging operation2

,2. Why is the bag operting (step 3) so far from the bag storage and packaging
area?

r7404..

ShoUld the sealed cartons be stored closer to the shipping aYea to elimi-
. nate the*.backtrackinq to the door to theaisle.?

Could an bpening'be inade in the wall near the sealed carton storage to
allow the easy movement of sealed cartons toward the shipping area?

c.

11.

1

I.

*26
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7A. HOW CAN YOU STUDY THE MAKING OF PRODUCT WITH A MATERIALS PROCESS CHART?

The movie, COFFEE PACKAGING, may Re rented for $3.00 per showing. from the
University of an Francisco, Rehabilitation Workshop Administration, 2130 Fulton
Street, ,San FranciscO, Cal 94117. It is an 8mm silent film which shows
an actual packaging operation of instant coffee'in a workshop which serves a -

large number.tof clientS. who have.suffered-strokes and have gbod use of ogly one
arm or leg. The job rOuires that 4 ozs. of the coffee is sealed in a foil lined
paper bag. Allowed weight.tolerance is phis about 3-4 grams, minus no.grams.
Twenty-four packages are packed'in the shipping carton. Two tensities of coffee
are packaged: one weighing SO pounds Per bag and the other 55 pounds per bag.
When in bulk, the coffee can iSe packed or loose, affecting'its density conOderably.

, \After viewing several sequences of the mevie on c'bf.ee packaging, ',.you should

make a materials procesS chart for ti* jai. This .chart should be limited to each
operation, transportation, inspection and delay through which the coffee goes until
it is in' its final form. Use the Nank chart on page 29 for your chart. The

point f origin on the chart will be the storage of the bulk bags of coffee eight
*feet f om the table, even though this is not shown in the film. Hence, the first

two in on the materials.eprocess ehart will be:

t.

1. In bulk ba s

2. Ba moved to acka in table

Note.th t the descriptions are' written as though you, the wri ter,:.are. the. coffee

'and you ar4e oscetbing what happens to. you. , Othermaterials- such -asthe foi
lined bag an the corrugated shipping are treated as thoughAhel are-the coffees ,

too, asthe c ffee is put in them.

Now, go on and complete the chart ending with:

-
When you have inishad the chart, compare it with the completed chart that

follows: Do not e eel them to agree exactly, but be sure you have not omitted
.any important steps

You Are wrong if ou have included any steps on your chart which desrcribe

things done by one of the men but not involving the coffee.

As an example., the empty cup moved by the weigher back to the dipper is
necessary but is not do e to the coffee. Remember, the material process chart

should only describe what happens to the coffee'.

. CoUnt the number of o erations, transportations, inspections, delays, and
storages. Record them in the symmary box at the bottom of the form.

V In carton read for shi 1
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c.

7B. J-04.CAN A MAN PROCESS CHART HELP YOU-STUDY4 A JOB'?

The point of origin wjll be the, opened bag of-bulk coffee, and the ehd point

the sealed carton, (of 24 envelopes)in storage.

Now you can look at the'sameSOFFE,E PACKAGING film again to makea,man

process chart for the same Sob. This time you will concentrate on each'major

action of the men on the job: All the men can be shown on theSame chart, in

order as their actions occur. .If the indiyidual tasks.were of greater impor-

tance or required more time to complete, a separate chart could be made for .

each man. r

.

The steps on this man process chart.will only describe those things which

the men do. ThiS is in contrast with the material process chart which covered,,,

what happened to the coffee.

When you have completed your chart, compare it with the ones on pages 35,36,

37, 38, aild 39. The chaA on pages 35 and 36-shows less detail than e one on

pages 37% 38, and 39. Both are correct. Your dart shouTd havesat 1 ast as much

detail as on the first chart and no noise detail than the second one 10 be use-

ful ast process chart. Greater detail would make it like the work .s mplification

tool ca1,1ed an operation chart.p

I.

mob
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8. HOW DO. YOU. USE AN OPERATION CHART OR AN OPERATIONS PROCESS CHART?

. .

'Operation charts include the 1 ft hand - right hand chart and the MTM
analysis chart. Since these conc ntrate on-each movement of the man in per-
forming his jobe they should be t e last work siMplification tool used to'study-.)
and impftve a job.

A flew diagram may eliminate part of the job. , Study of,process charts May
result in r6assignment. of tasks; Only when these studies are complete and the
final jobs well defined is it worthwhile io make a Aetailed analysis on the
operation charts.

t
An operation chart is found on the next page. It shows a sequence of seal-

ing the carton of 24 packages of instant coffee as shOwn in the film described
in Section 7A. Thqmpreparation of process charts requires more training
can Oe'provided he)^.g. The sample is included to.show that wheil a job is
important enough ahd will run lOng enough to justify the expenses, very thorough
techniques of work simplification areavailable to analyze ari'd improve it. ,

A blank MTM ahalysis chart is found in this section.

The 'Operations process chart has-a name like the above forms, but it.is quite
different. It is used to gather information about a chain of operations cul-

. e A

miriating in a product. It shona good overall vidw of:

I. What Operations are performed

2. The order in which they are,performed

VoINThe points at which materials are added

Elsewhere jn this section is an-operations process chart for the coffee
packaging as first described in Section 6.

4.

C.
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ir.$474T ARE:TNETRINCIPLES OF MOTION EWNOMY?

Extensive research;has shown thafthe following principles of motion

economy are applicable to all work movement:

-----inthe general work'place:
(

eliminate unnecessary and disturbing noises and distractions

materials and supplies should be delivered to the work place
quickly andsautomatically, often by gravity

materials and .upplies should be.easily and automatically removed

from thi[mork place r

In'the individual work place:

4. correct inadequate lighting
t

5. eliminate'hazards.,

6. use paint colors to reduce eye strain and to mark tools and

equipment for ready tPentification

7. reduce large scale moti9ns

and equipment8. use tools 'Aigned to reduce human effort

rk to permit an easy and natural rhythm-9: arrange wo

Using the simplest, smallest motions which make it possible to perform

the work satisfactorily:

10., gravity. feed bins and containers should be Used-to deliver materials

close to the point of use

4.

11

n

11. a chair o e type and hetght to permit'a good posture should be

provided. rrange so,worker can alternately sit and stand

12. tWo br more toolS should be combined, Wpossible

13. motions'are ranked from easiest (finger motions only) to 'hardest

(body motions)

14. sliding mateHals,rather than lifting and carrVing them

15. momentum should be employed to assist the worker. It should be

reduced to a minimum if it must be overcome by moscular effort,

Arrange tools, equiPment, materials, and machine controls so motion

' paths to them are within the 'range of the shortest movements of the

arms.

16. perform work wtthin
to the-body.

. 17. the hands should.be
advantageously-by-a.

reach of the ha'nds with the elbows held close

relieved of all work that can be done more
jig, fixture, or a footooperated device

,

- Using hand and arm motions in a fixed, rhythmical Sequence:

18. tools and materials are arranged to match the sequence of work steps

19. tools and materials are pre-positioned

1_
.45
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20. the two.hands should begin aj well as complete their motions at the
same time I.

21. movements followa conitinuo s curved path than zigzag or straight
. line motions involvOg/sudden arpisharp changes in dif'ection

.22. alternate lead hand or hand us to hold tool u.

23. the two hdids should not be e at the same tiMe except during
rest periods

24. motions should apply powerter force at the best time with the least
effort

25. ballistic.movements are faster, easier, and more accurate than
.restricted (fixation) or "controlled" movements

26. movements of the hand§ ad arni.should be in oppositeand symmetrical
directions and should be made simultaneously

27. hands should not be used for holding material on which an operation
is being perfdrmed

28. rhythm is essential to the smooth and automatic performance of an
operation

Hence, motion economy is a ;1{py of working that requires the least effort and-
strain in accomplishing'a job. It includes ways and mew of obtaining the
highest output for the least input.

r

S.

Measurements of the human body and the related rgaeh distances which are
useful in designing and construCting equipment and work place layouts are shown
on the following, Rages.

.

The movie', MOTION STUDY PRINCIPLES, may be rented for $11.00.per showing
from thVNUniversity of California, Extension Media Center, 2223 Fulton, Berkeley,
CA. 94720. (Catalog #4263)

It shows the progressive improvements made jn the assembly of a bolt, lock
washer, flat washer and rubber'Washer by using eleven principles of motion economy
.as developed by Ralph M. Barne4. Other applications of these principles are shown
on several other hand assemblylitems.

4.

11,

-
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. 10. WHY SHOULD 'WORKSHOPS BE EFFICIENT?

.

, .,

The tremendous productiom capacity of the United States has come.from the
efficiency with which its resourqes are "used. This has generated the world's

highest.standard of living. Business is never ceasing irT the attemns to improve

.the productivity of its operations. Workshops must stirive for the same impro've-.

'Tents or they will fail to provide a realistfc work-eniiromment for their clients.
r

Workshop people often have to explain that a' rehabilitation program in a
workshop will likely be operated at a financial loss. That is, income froM

the sale of workshop products,and income from subcontracts will be less than the

cost of making the products and doing the contract work. There are goud reasons

"for this loss., The handicapped clients require more learnIng time, supervision,

space and equipment, 4nd administrative overhead than.will a smaller group of-

non-handicapped persons producing the same quantity of prodUcts,

However, the notion that "workshops mean losses" has been misused SO that

wasteful and inefficieq practices are sometimes explained away as the natural

consequences of operating a workshop. Rehabilitation is used to-cover Up for
managerial mistakes or'low client wages or.lack of concern for the cost of work-

shop Operations. Instead.of attempting.to hold losses to a minimum, some work=

shops relax'their concern for efficien6, to the point of expecting or creating

a loss in order to justify their existence. "After all,".they say, "This is a

workshoP--not a business. We're concerned about people, not.dollars.",.But

of inefficient 'rk practices. Nor.should 'rehabilitation agencies accept evaluations
sponsoring org nizations and communities should noLlonger tolerate poor management

of their clients' productivity when real work situations have not been provided.

When workshops have adopted the efficiency emOhasis of buSiness, they will

,
find themselves financially anid psychologically better off. They will also find

.
that their rehabilitation resillts wij1 .improve.

lo.
. -i . .

The obligation to be efficient--to eliminate waste ofitime of 'space, and

of materials--is owed to many people. You, as a member of the workshop's staff

owe it to: ,..'
,

1 .1'

t

,..

1. Yourself

9..

Your own pride' f workManship can only come from knowtng that you've One

a good job.

'Your Workshop

Your salary is paid because you can return more to the workshop than

it gives to you. They rely on you to work efficiently and help others..

to do io,

3. Your Clients

They need your help to learn good work hdbits and efficient work methods.-

Give them less and you hurt their rehabilitation achievements./

4. Your Customers

They may not stay your customers if sgmeone else figures out a more

efficient way of doin.q, their work.
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Your Community

They support your services to People programS.and have a right to

expect efficient use of the monies given your sh9p for 'this purpob.

Indicators of suitable Industrial Management planning and organization

in a workshop:

1. Plant layout permits a minimum of.material handling and movement.

2. Material handlingipses efficient, laborsaving methods and equipment.

3. Work stations are comfortable with.adequatelight, heat and cooling,

ventilation, cleanliness, furniture for proper posture and with reasonable

proximity-to drinking'watv, restrooms, eating and rest areas.

The amount of material required fOr each jobAS specified in advance.

Use of more or less thp this.amount is.reCorded. .

-Materials come teeach work station either precounted or inlots or
batcheS Of uniform size.

Surge piles of materials between workers performing operations in

sequenca permit each worker ,to produce'at his, own speed_

Operations to be performed on eech product are described in'advanpe and

the expected standard level of output is specified if the job is.to

continue 3-5 days or more. .

8. Woekplace layout and tooling permits a minimum,of movements and exertion

by the worker to, perform his tas.
*

9 The quantity of satisfactory work completed and the tiMe requtred.is_

recorded for each worker. When,substantial amounts of non-productive

time pr make-work occur, the reason is specified and the time is,

i-ecorded for each worker involv4

10. The defects which can occur in'the products.being produced are specified

in advance.. 4-
11. The Tiest few items produced by each worker are examined for defects

when he starts or 'resumes a job after an :Interruption: Periodic

inspections are contInued during,production with Vects found and the

worker producing them being recorded.

12. Start up dates for jobs permit uninterrupted work assignmentor workers

iiho are permitted increasing specialization'as the job lengthens.

01 Work is completed on schedule to meet reasonable cpstomer needs.

DIA. 'WHY IS THE METHOD OF DOING A JOB IMPORTANT?

Pe0oard can be constructed and used in,a live demonstration to show thet the
way the job is done has a greater effect on the time required than does the effort

of tip worker..

"The 3/4: thick pegboardjused has thirty 3/8" holes drilled all the way through

in.a 6 x 5 pattern. The holes are 1" OC with a 5/8" diameter 45 degree counter

bore. The pegs are 2-3/4" long, 5/16" in diameter with one'end rounded. There

are at-least 36 pegs available for each board.

Is
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Ask a person (preferably one who has not been exposeeto motion study)

, to "put the pegs in,the boardwhile I time you with the stop watth." They will

ordinarily use a one-handed method. If they do not, disregard the time and,ask

them to do it one-handed. Give the person a second or third trial, and record (

the times again. Be surettiVx use the same method (one-handed). Get one or two

otif people to use the same method, recording times for their tree or four

tria

T en show that less time is required when one hand is used to hold a grOup

of pins and fee4.4hem one at a time to the other active hand.

. Now, ask the demonstrators to,use a two-handed mp,thod with each hand pick-

ing up and inserting a pin at the same time. ,

finally, show the demonstrators -the best method which starts by filling the
holes nearest the operator and 4n the center of the board. Fill up the row moviing

away from the operator. Then move to the nkt outside row with each hand,'again

starting with the holes nearest the operator.

at_will be found that the one-handed method will take approximately twice

as long as the best two-handed method.

Someone may question the vglidity of the improvement gains because they could

at least partly be due to the increased practice as they went from one-handed to,

two-handed methods. The following demonstration can then be used.

Reverse the' order; that is, start by teaching the two-handed, best me'tho

to a person. Record his best time. Then ask hIm to use progressively poor r

methods until the one-handed technique is reached. It will be found that .

roughly. the ,same differences in time will be shown between Methods. This should.

sliow rather conclusively that work Tethods greatly affect the time required to

complete a job. V

10B. 'HOW CAN YOU IMPROVi A JOB AFTER DESCRIBING IT ON A PCESS CHART OR

s'OPERATIpN CHART? 'm

Priorities for improving methods which have been charted on a process chart:

1. Delays are the most easily changed

2.. The "make ready" and "puts aways° can usually be improved

3. The "do" operatiA usually, need thejeast improvement

Questioning why an operation, transpor:tatiftpinspections, storage or delay

occurs, is f;acilitated by these questions:

1. Can it be eliminated?
seek...1

2.' What is it supposed to do? 0

3. Does it;gp what it is supposed to do?

4. Is its 'urpose still a part of the job?

5. What makes the. purpose'necessarY?

6. Does the immediate purpose serve to Carry out a larger purpose?

7. What would happen if it was not done? -

,
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When improvfng a work method, the folio ing steps should be taken in the

order gtven:

.1. Eliminate the work because:

Its purpose has long disappear d
,

It is performed fooperator onvenience

A different sequence would ma e it.,unnecessary

Better equipment would make t unnecessary

Cbmbine` the work through:

. A change in work plate or equipment design-

A change in. sequence

A chanige in raw material or end pr'oduCt design

Evidence that the.work Thad at a certain worls place is too low

Crois training to iacrease the skill of operators

3. Rearrange the sequence 'of work. to:

Ease or shorten any. of tlie ifork'

Reduce, material handling or WaTkitng

:s

Save floor space or reduce in-process time

Take advantage of better equipment or skill's

1Tnprove the work by

Pre-positioh materials and tools

Better equipment

Use gravity feed hoppers and drop delivery chutes

Let both hands do useful work

Use jigs and fixtures instead of hand for holding.work
Training operators in better work patterns

.

Better, services or supervision

There are eight basic hand motions or, actions which 'are involved in most
manual tasks. The following suggestions for each of them'inay be helpful in maidng

imProvementsf

I. Select

Can the layout el iminate searching for ;items?
Can tools and materials' be standa.rdized?
Are parts and materials properly labeled?
Can parts and materials be pre-positioned?
Can color be used to facilitarse selection?
Is lighting satiSfactory?
Are parts and materials mixed?
Could bins, trays, etc., facilitate or eliminate selection?
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'v..", ¢C1:' ,th..

Grasp

----sars-ampioksatsohm,..%

Is it possible to grasp more than one at a time?

Can objects be slid instead of carried?
Will a lip on a bin simplify grasp of small parts?

Can tools or parts be pre-positioned,for easy grasp?

Can a vacuum, magnet, rubber finger, etc., be used? (?

Is article transferred from one hand to another?

3. Transport

Can 'the motion 4; el imi nated?

Is the distance travelled necessary?

Are, the proper means used: fbotr hand, pliers, conveyor?

Are the lowest classification of body members used?

Can a chute- or conveyor be used?

"-'t Could items be accumulated and moved in larger groups?

Is transport slowed for a close fit positioning at the end of it?'

Are preceding' and following operations Propeally related?

Can abrupt changes in motion be eliminated?

Is the fastest body member used for weight moved?

Can any body movements be eliminatect?

tan arm movements be made simultaneously, symmetrically and in, .

opposite directiQns?
Can the object be slid instead of carried?

Are. eye movements coordinated with hand motions?

Hol d

On a vise, clip, vacuum, hook, rack, fixtUrq used?

Aan adhesive or friction'be used-
tan a stop be used 'to el iminate.hold?
Could arm resfS reduce fatigue?

5. Release

Can drop delivery, be used?,

Can the reTease- be' made in transit?

Can a careful release be 'eliminated? .

Can an ejector be used? 7/

Are material bins properlY designed and locatee/

At the end or release is the hand in mosVdvantageous position

for next motion?

a

6. Pre-posi tion /

Can

Can
Can
Can

.Can
:Can

-7. Position

object 'be 'pre-positioned in transit?-

the tool be balanced in usable position?

article be designed so as aiany sjcles are alike as possible?

magazine or clip feed be used? Ilk
a stacking device be used ?

a rotating fixfure be used?

Can tolerances be increased?
Is positioning necessary? *
Can square edges be eliminated?
Can a guide;.stop, locating pin, recess, swing brackei be used?

Can arm rests steady the hands and reduce .positioning

Has the object been grasped for easiest,po§itionirp? I

Can a fóof operated device be used?

z

1:
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Inspect

Can illumination be increased?
Can lauge5 be used?
Can mechanical inspection replace visual?
Can pressure, vibration or hardness test be used?

V

The most thorough methqd of analysis*and action uses a-process chart like
the one on the'next page. It has additional columns ,to make tertain that all>
questions for analysis and methods of, aftion 4re contidered.

,

After all the descriptk6n statements have been written for each of the steps
in the job you are studyng, lo back to each line and:

1. Put your penciT in the "What" column and ask, ",What is the purpose .

of this?" If the answer seems satisfactory, place a dot in the cellumn.

Put your pencil in the "Where" column asking, "Where should we do this?"
Again, place a dot in the column if the location seems right.

4 3. the "When" 'column ask, "when should we do this?"

4. "Who"--"Who should do thi-

, 5. "How"--"How should this be doner

k"

Whenever a question is ,not satisfactorily answered, a check is put in the '

collmn instead of a dot. Ordinarily, no additional analysis questions are asked
when a check is made.

6. When *a check is made ix: the analysis column;.look;in the action columns
for an idea suggested'by one of,:the words, "El inmate," "Combine,"
"Change Sequebce," "Chinge Place," "Change eson,\." or "Improve"'
whichlill overcome the pc.oblem. Put a eck in de action cotumn
which triggered your idea. If necess y, jot the idea down on the back
of the sheet.

Some of the checks in, the action column Will conflict with others. Pick
', out the best ideas and discuss them with all concerned. A proposal will come
\out of this pooling of brainpower with the way prepared for its ultimate acceptance.

e

Jr
k.
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Present.-Method
-1Mproved

Da e
By ft

0 Chart # U>oint. of Origin
Shdet .,,if End Point

Subject

MaA PniarCESS CHARTMaterial . .
e
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ft

Time
in
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or
sec
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,

Nr, Ana vsis_ ction
e . 1

...

, Description
-
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SUMMARY
..,

Preient Method Improved Method Difference Saved
Number Time Number Time Number Time

0 Operations ,

i. Transportations .

Feet traveled )00000C )0.0000c XXX=
1:1\ Inspections
1) Delays .

17 Storages ,
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.
10C. HOW CAN YOU SELECT THE BEST WORK METHOD?

It is very important, especially on jobs with4gh cost gh savings
potenti&l, to have several thought-out alternatives. Stoppit wi h and developing
the first idea for improvement which comes to you will fall far.short of tlhe
Improvements which more thought con develop.

So, have several thought-out alteimatimes.

Then reject se iihich are not presently feasible.

'Compare the .ones remaining in tehls of:

1. Opeloatin cost changes

lairect labor or direct materials Cost4

'Indirect labor or supplies cost

Sie

%Vik

-

Overhead cost
C W

2. Installatibn Costs

New equipment costs

, 'Salvage return from o d equibment
t

Training costs

3. "Oge/ danges which a fect?.

.. Quality -

- Personnel

Safety

Productign capacity
Its

t.

r

The form on the following page may be useful for this purpose.

56

6.6*



DIFFERENCE-COMPARISON CHECKLIST

Operating Costs

CHANGED
.Yes No

PRESENT .''PROPOSED
METHOD .METHO IN DIFFERENCE

.

, Units:
-

,
Diraot labor

0
e

.

Direct Material .

Indirect Labor 1111111111MME1111
Indirect Material

Tool Cost

11111.11111111

Sprap Cost 1111.1111111111111=1111.111111
Maintenance MI IIIIIIIIMIIIIMIMSIIII
Heat,pqwer,lighi

.

.
---------

f

Yearly Volume:
AnnuaioSavings:

.

Installation Costs
, -

S DESCRIPTION ,

New iocils .

.

New Equipment

,labor
,..2--L-----.

Material .

Salvage .

Training

.

.

.

OTHER CHANGES REULTIN FROM NEW METH0a

Quantity Produced,

Quality ,N

e t

4

Safety tlt

Pepsonnel



A

4

-11: HOW CAN YOU LAY OUT A WORK PLACE OR PR0DUCTION LINE?

The arrangement of the space around each client n a workshop'requires

constderation.of the following factors:

Rosture required by the task:" sitting standing, alternateTy sitting

'and tanding,.standing and walking t
4

2. Ma ner jigs, fiNtures,*tools and york benches or tabls which are
to be used along.with space requirements of each .

0,
3. Number of units of prOuction expected.per liour or day 1.., ,

.

.

4. Mitekals: size and weight to'beihandled, bulk and quantity in storage
at work place', method of material handling, -frequency of mcvement : .

5. Safety hrough.elimination or cont).-ol of.hazards
-.

5,-
Relatio hi swith other workers who-work on the Same item

.. ,
.

.

-The mdvie, tHE FOREMAN DISCOVERS MOTION STUDY, number 4609 may be rented

for $18.00 per showing from the University of California, Extension, Media
Center,-q23 Fulton, Berkeley; CA $172d. 1

.0--
,

.

,It,shows the efforts of a group of'forem6p before and after their study of

motion economy. The group'sAask is to construct a wooden bOx which is!filled

with jelly beans. The improvemOts which'are based aiimotion economy briaciples
. ,

are clearly and dramatically shown.
, +

Four:Problems or caSe studies_will be found on the next few'pages. Far each

.you will.find a:
.

.

1, Materials Handling Requirements Sheet which was prepared by the Salds
Department. ,,

Rroduction,Order Web Was prepattd by the Production Supervisor

Producition Standads and Estiiiiate Sheet whtch was prepared,by:the

Engineering'Qepartme'nt
t.

From this data you are to:

I 1.04cate the number d'items in each lot, batch, or.,bundle-or *raw

material, Onished,parts or finished items in eabh operational step
A

Pay particmlar attention tO-.the material handling aspects, including
provisions for surge piles of materials'between operattOns

, .Design the work place layouts.for.the operations required the'Making

of.this ttem

'You mayshow a scale drawing of your design on graph paper or a large

. on wrappyfg paper or make a full sized rayout using corrugated bfiky\.th ,

, ,
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Job. Np. ;46I Item No. Item

PRODUCTION ORDER
r ,

Name v/En./49 -4.4.5,0402,47 Quantity yekTO

Cu s tomer .4,9rneeic..44., /MP las P.O. N

Start , Finish es-
sc edu e actual sdhedule actual .

Description ...? chel-.....04 ...?,C"./K 1,..a.-e" ,44,91#1 'A/fut.-Ai ..5- -0;1.# If;Ye-4-e,4* le #4 01C 1?5 /44 etete$ i rc.)9 4*
$1

Contact
.custctner

Phone

'unit
workshop

a 4:A o .,e4F ode coe ;11.s *

Defects' by operation no.)
a-

. .

3.

' M A T E R I A L S
.

P R O D U C T I O N P A Y
iy

INSPECTION

,

Sy Q

.

-Unit
Np/
Name.

.Std
Pack No..

- 0 -

Operation

Std Prod
/Hour or
Std Hrs., _Unit

Piece Rate%
Hourly-Rate

Batch
size...

Sample
Stze

AC/
RE

1

treco
Y -

47.1
-

ic,41c.g
A-

.

vil 0 ci C0.44.47,e-7 ,27. SeAS _

1111:W eAl 54:44e; ..c510 odd. ...- A
I

Z.5- .... ,.

6%5 6:S:::::1: )4. 44:5)

-

1 (11::: it4,14: :::: 4
.

437:4 5
.

.

: .

I*co,
6

.

,

...

.

, .
,7

.

- I. -,

.
.

.

.. .
.

.
.

.
,.

_

,.

- - -k,
-

.

St
,

0 . ..

.

, .
,

,

16
..

.

.

.
.

.

.
.

,g 4 End Item
.

f

-.

. - Pkg & Pack. -

. Equipment & Tool List -- Work Station Arrangement on Reverse'



Job No.

Customer

Start

Item No.

meeie4dfr_ 4444/0es

Finish _457/51

MATERLAL HANDLiiG REQUIREMENTS .

Item. Name Lit-4-1-040 .40A00409,/ -Quantity 40000
unit

P.O. No: Contact
customer workshop"

Phone

Total
Q

Unit Material
Name/Date to
Arrive or .Ship

Standard Pack No. of
Std

How
Store

Stack
High,
Low

Floor
pace

Id

How
MoveUnits

Pet
Weight_ Dimehsions

. LxWxH Packs

61 ° '1
.04.74..g" ifise.
I 9 *ma ) 6100 ;2491.4 114041.1.

*POO 44 2
9/AS

.....4., /414,e-es 6.2)0 .29 i's c ao 14 ,

07e; OCNO -,4e 3
_ V a

/0514--;es1
67510

#

... t

if e v b s4--0* 4
dihs

/4000674 c$V0 .

.

,

4 .

*V 0 4-4 5 71-A. 14:3'

4

a 4,., .
t i elo icri4 ha 4.e i .9,24x .29 ,7,(1,/9

.

. .

.

. .

s . ,

.

. -.

''
8 .

.

.

. -- .

9 . . .
....

.

-,

1

..

...?4 ....lb.,

Jc 4
.

a
_e

4

,

Or.

t



mproved Method.
Proposed. 1
Date 0.7

By ;el
Sheet

PRODUCTION STANDARDS & ESTIMATES

Item
L.L OA' *

tqsed 'Upon

OPERATIONS

Req d No. of Days
o

Daily Output
haw. p

Hrs. Worised/Day

Hourly. ProductIon
60/m or 3600/s

Minutes
Actual Time

Seconds

Standard Time
N=(n"a)/l00

Labor Cost/unit
d/p

61
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Job No . Item No.

PRODUCTION ORDER.

Item Name% 4.?oo 47,9

Customer .4s,/ 04. A C P. O. No. Contact
SI

Start
sc edule

Description

Finish
actual schedule 'actual

Aare ar ,A9Z4ti-.7434. 061,4(ie e4 421 eitS Alremidarciti foire"4.6

st.,;,4 71/4r 44,..cur .

unit

custmer workshop
Phone

Defects (by operation no.)

NATERIAL:S 'PRODUCTION .P A IN SP E C T'I O'N

By

I

Q ;

.

nit
'No/
Name

Std
Pack No. Operation.

Std Prod
/HoUr or
Std Hrs. Unit

Piece Rate/
Hourly Rate

Batc0
Size

Sample
Site

AC/
RE

oeria 4-,9 El.5-4=
-ik

SIO 5 1 //elm 6 00 .-,41, .

-./v 4367. 400 4sStf 1,69Z.6.- oo , . er)
Poe eAcs. .1;060

Av 794---
440 42 a lad .

i,

III

111111=1111111111

11111111111 .

.' 111111111E

_ .
,..

11111111111111111
.

11111 °
. ...

. .

s

IN End Item ..

11111 Pk: ft, Pack. 0260 647
_ .

;

Equi m nt & Tool List -- Work Stat on Arrangement on R erse



i,job
No.

.

MATERIAL HANDLING REQUIREMENTS

'441 Item No. Item Name C,ie,es Quantity2M0
unit

Customer Af..16,,,e., So4ch a) P.O. No. Contact

Start yi/Ar Finish Phone
customer b wolkshop

Total

Q

it

.

Material
Name/Yate to
Arrive or Ship

Standard Pack No. of How
Store

Stack
High
Low

Floor
Space
Req'd

How.

Move
I

Units
Per

===iimm.=

Weight Dimenslons
LxWxH=kr--

Std
Packs

Zo460.0
-

e,sts-e=" 4-761(5 -294'.< is,:es 420"
.

.0,190O0 641 2 71-ei.e6.
,

...IVO .29 Ilse I 4

.4 400
,

40.41s 5,--etleo
,

AP A A . i,e 4'.., /..)''
IA

0.0? 69 0 434
....

7-, e /ad P
"x /x/N .

.

.1

. '
It\i z i..), .' .

Ark

,
W.

, .
A

c

' Ate

*

a

"^0
.

,r40,7, rgthgeol
led. y- A; il$ iir ellgittisS . ' 5 ,

41. , ', .

ts
M.' 444144 .9.4.(14 .4Wet,

hi 46-..'S 64/ eaegfr teet'

41

0 1#tfals
'

,
s

.
)

, ,

..

.

ts . ""k i,

9 ..

.

.

.

.?;

41,



.44.004 40aftwooswoie st tt. _

PRODUCTION- STANDARDS & ESTIMATES,Present
Improved Method
Proposed

Date

By J4is
Sheet if. of Based Upon Cks cze is

Item

OPERATIONS

Quantity Produced .7100.04a

Apt/ d No. of Days .

0/0

Daily Output
h.w-p

Hrs. Worked/Day

No. ot WOrkerS

0.1. 11.........""P'...."-

Hourly Production
60/m or 3600/s t200 V60

ril4' Minutes m
15Actual Time

..e-: 4 Seconds .

Standard Time
N=(n'a)/100

Shop Rate Mir,.

Labor Cbst/unit
d/p

.*N

64



PRODUCTION ORDER

Job No. /10/ Item No. Item Name 6'i/it 4.1/P40:00 quantity *c;-/-061, zers
unit

customer Log e Q./ Co. P O. No. Contact
moo.

Start efa/..lo

schedule', , actual
Finish Ay.? a.

schedule actual

customer workshop
_

Phone

Description * CA9R' 1-e4 Ate V- Ce1.14diz)T.Iefects ( y oper,ation no.)

M A T E R I A L S P R O D U C T O N P A Y INSPECTION

\

Ay Q
-

Uni
No/ ,.-Std.

Name Pack N .

-, e
Operation

td Prod
Hour or
td Hrs. Unit

,

Piece Rate/.
Hourly Rate

'Batch
Size

r-
Sanle.
S ze

C/
-,RE

5:2 ',Ur 442- . 1 sce-/ef'-, 6141,411 .2.1e) ws :*

1 ysee E4 fe,,,64--..0 2 66, :01064 #1,e?

I 9ger.) eeti 144,16 '2.Ado 3
.

I saw '474 .5;;;Z: s°47,"-

.k...

1 4,200 on age& ozs":
,

.
,..

,

8 .

.

. 5

, .

IO
. .

L11.-..........
, End Item

Pkg & Pack. 47-P-s-- ,..difes
. _

1 3
Equipment Tool List -- Work Station Arrangement on Reverse
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a
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Mk:EMT-AL HabLINO i.UIREMEN S'

Job No.. /0/ Item 1%6 j- :Item Name ,)5/` 4.4844,00 Quantity, 644-
i, .. ,

Custaaer Le.:115/c: creari'c'4,- :P. 0. No. , , , Contact
,1 , '.. ' 4

Start iloy,..24) Finish Ph6ne

unit

customer workshop,

Total
Q

Unit

.

Material
Name/Date to

.
Arrive or Ship

Standard Pa tk Nb. tig abw
Store

Stack
,High
Low

Floor
Spate
Reced

HOW

MoveTnits
Per.

Weight. Dimensions,
lAW,cill

Std':
Packs

47.2- 4:11s

64

414

1

2

41)/trodt,. / . ,

t

irct/e4 , $...0" .
. .4,

'.'"'"'"...."Xr1.2

(00t9 1-4(44e's 9/ /..?'''Aeots-`..'c' je,PK'
. .

.
411

q Apo 47,1 3 1.4 4ils4
,

6.1%,9.-t v,e ,
II

.

.-

.

,

-

,

,

tpo 'b-,eit Cezzitykiln.-- 51-av

.
soap ,..F

a4/4.4 6 fix ito 4

-
.

.
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PkODUCTION ORDER
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12. WHAT IS WORK MEASUREMENT?

. et

Work meavrement is the sysltematic determination of how,long it'should
take an average operator, in a given situation, to'do a specified task.

The result of work measurement is a prody'ctionsstandard. It can be stated
in several ways,

V

- 1. Pieces Per Hour'
.

The number of pieces or items or operations which.should be completed
or performed per hov or per day.

. Standard Hours
i

T
-. .

he amount ofptime allowvi per piece or per operati ,

,

,

on. kt
,

44, 3. Piece Rate ,
. . 0

...

A piece rate which is calculated by dividinjfthe number of pieces or
ta. .

operations per hour (as in #1) into the going hoyrly labbr rate (the

.

amount paid in competitive employment for a similar kind of work).

. t
-.' The most fundamental. production standard isthe pieces per.hour. It can
be used /o calculate standard hours. It must be-used tO cdlculate a piece rate.,

4V
16 ,

Befoile work Measvemeni is done, it is aisumed that work simplification haS"
, .a.been epplied to seleFt th'e best method of doing the job. ,-

. .. .

12A. 110W DO YOU MEAbRE WORK?

ir
1. Using pot Oecformance records

'10

This can penal-fze workers who.have been wor.king, above normal paCe
or-benefit glow workers, dependingon the relative numbers.of each
in.thegreup or saaple. Past performance means little unlest you
know the'paceat.which the wOrk-was performed. Furthermore, link-
ing anticjpated prOductiom to past performance fUes all of the
inefficiencieS,Aelays, and output restrictions of the pas:t into
a pormal ahd acceptable performance....

. .

42,1 The supervisor'S dltimate of how long a jo6 should take

. . UlXimátely,such estimates are balselj on rat' perfoance knowledge
ofthe jbb, or similar jobs. All the Weaknes of past performance .

-standards thus continue in.supervisor's esti ates -4
'ilme study and.pre-determined time

.

Pre-determined time it.grouped. with time.study since it, Ioo, was
-based oR the use of d stop watch when the times were determined.

thes systems of work measurement depend on the identi-
lkffcation and timing of work elements and an eialuatibn of the timee
observed withtrespect to.some concept of normal pace..

k

4.. Work 'sampling ,a;

This is a stati-stic6l method of making a large number of cibser-
.

vations of a worker over a period gf.time to determine the pdrcent-
age Of time being.spent on various tasks and/or idle

, .

: 8 -
; 6

-

d

4 -

*ft



5. .Customer'p opinion

_Beware unless you know the custom& it tellilig you how many

pieces he gets from his average emplpyee for tHe entire day..

He may be telling you how muchfftengineers say he should get 'or

how .much he would like to be getting.

Union 1.s opinion

This may beCome a more important source of pro-ductiori standards

as time goes on..

'1 4

a

. 6§

a

ft

S.;

1
a

4

.

1

4
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13. WHAT IS A QUICK WAY TO SET A PRODUCTION STANDARD?

Unless more detailedwethods are described (such as those.described in
Sections 14 and 15),.0ece rates and/Wlexpected pieces per hour can be deter-
mined for most workshop jobs by using the following steps. .

1. time at least 2, but preferably 3 or more, non-handicapped people doing
the job.

2. Calculate the average time taken to make one item or do one opèration:

3: Divide.the averagedtime intb the number of minutes a. worker should
be able to work out of each hour to find the number df pieces per hour
an average non-handicapped person would be expected to produce.

Divide the expected pieces per hour intd the hourly rate of pay which.
would be paid in your community for th.is. 'kind of work to optaid the
piece rate of labOrcost.

t.

. .

A form for these steps is found oR the next page.
...

,.

, 4.

Before beginning.these ste* (or serting any time-study or work meaNire--.

kt.
ment system), be sure yoU have developed the work method which s oulPbe used
by'the woricer. It-lhould be the best method available consideri the size of
the job, equipment,Tetc. Jobs.inVolving.a. large number of peool,e r many hours
of work will ordinarily be planned pore carefuljy than short nonrecUrring ,

jobs. All of-the teohniques previously described will be helpful in selecting
thistest method.' If.unnecessary or poor work methods t.'6:being used, the

..

piece rates and expected pieces per'hour which result,wq1be errOneous.

More detatled explanation of the four steps follows:

I. Timing

qhlk work isto be performed-by people who are non%handicapped.
;addition, they should be familiar with the job,to be performect throug
previous experience or a practice period.

If the Sob has ,not previously been done''by. each pers , a number of
practice items, should be Made assembledtefore stalling to time '

:the,work.' More Items should be practiced on'when,the ldhgth of time,
,requfred for one item fncreased due to its being a mdre difficult item.
If the time for one itemhis long merely because the work consists of a
larger numbtr pf simple steps, then a longer practfce.peridd can be
disregarded. fThe, following table is.suggested Windica* the amount
'of,practice Ohich shou111.be provided when no prevItous ekperience is.
,possessed by 4 person who is to be.timed.

Approx. length of time to do
one item or _operation (assum-."

\ ing that longer times are due
\ to 9rtater difficblty)

Lets'than 1 minute
I pinute to.2.minutes
2 minutes to 4 minuites

.'4 minutes to.8 minutes
Mgre-tham- min tes

.766,

Mininius umber of items or
operatiolts to be made in 'a
practic sioio.fiefore

timing starts ,.

20
.

25

30
35.

40'

. a

;

Jo,

"ft



WORK TIME
and ..-A. EXPECTED HODRLY ovum

110
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.
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.
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i-
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..(min/see)
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IA).
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.
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_ (D) .

'Items

(0)

(A+13+C+I)

Time
* (E)

(M+N+P+0
Items', .

(F)

\ . .

. e 7i

,
,

'2 ' . . . . 4.
.

. .

1

.

3
.

.

. . .
.

.

-
,

.

,

. : t.0- . t

.
A i

1

. 4

. 7^

a

I ......_

4

:. .'ll

'

@

r
10

.
,

_

. .

Worker/Task

, ..

.17

Average Time
.(G)

:(min/sec)
work 'time
per hour

(H) 4

.

G

Piecestliour
' (.1)

(Dollars)
?Industrial Pay
gate Per. HO*

(1) ,..4
4' '

*

.

-Piece Rae
(L)

.

1 2

. '. .
ç. 6

5

4 #

.
## ' 1

,.
#

0

4

.# . 4 A

-.,
e

. . .
.

.

. .
.

. .

*
...

.

%

. . 0

.
,.

.

4

4

l
i.

1
N, .4. .

s

.

.
.

s

J .

.

.

N.

J.

4

I 4

4.4 .



.s.

.Arrange the work place exactly. as-lt will be set tiP for the
ultimate worker with tools4,- materials, work space,.seating, etc.,
in place. Have jobs or fixtures built and equipment set up with

, the "bugs" worked out by Orevious testing,and use. Do net experiment
dut'ing the timing period, since this shoult have been done already.

,: .. , -
,

An .ordinary watch, preferably one with a sweep second hand can be used
to record the time,- If possible; permit- the person who iS performing'

.%. the test to do_ several i tems. wi thout stopoing °between them. . Time *
,for.- the entire .period he or she worked... Veduct tinie -for, interruptions.,
-Which were not 4required by the work itself such- as stopping :for personal

-I needs e't,..
X .. 4

. _. .

4 a. ;
.; . .

4 ,

Calculate Average :Time

Deteimine the total time.taken by each person for the actual work .

tie did in the, test; Divide this:time% by the number of items or .

operationsle coMpleted..to ,get his average time per piece or.pperation.
. ,-If ,,,veral people 'partldipated-in the 'test, calculate the, average time

:'.:for Nc .ach one, separately.- If the average time for :one of the peoPle in
'the t t is either ;less than half as long a% the slowest person 'or more
than t -ice as:long as the ,faStest person, with the, other peopleds :average' .

:7.times within ',23 .-- .30% of each other, it is best,to disregard the extremely
fast or. slow' indiViddal and omit his, times' from the following cal cula-.°,
tions. Add the ac'ceptable- individual average times and divide by the
number qf people in the tes..t to get the group's0 avera.ge, time per item
or operation. - I ,

, .

,

. . o

Example: - c

11)e workihop is preparing,a bid op making a plaStic.toy.. First, .it
4.'s to be assemblep and glued: After assembly, it is packaged in a

6 -dis_plasy box.which-ts thin packed' in a shipping carton.
-

, g .- ,.
Ahen: vari:Oul assembly-and gluing wi?rk Metbods were tested put, one. was 1r

- '.. finally-.Seltcted. It took:about 3 minutes- to make the °first toy using
thetstlectOd'method. Tile...packaging and packing took just underzone , k

, .
u

.< 4.minte.. . ,
.

0, ..

.1The. preceding. wptable is° used to -d eripine how iluch' practice should be '
-allowed the three supervihrs who were going to be timed-in-the test

49.tece :none-of them had done' this kind of-work-before. From the 3......
hfrfute time for makjn4 the:fiTst...tO:y, -the table indicates that 30
.toys should be assemblec43'n the practice sessidn before timing would
start. CoMponents. for 90.toys. were given the superttisors and they
°each asseifibled '30 of them for. Odctice. Tile practicke sssiOn lasted
just aboUt onehour, for they found the time required for each toy
dropped.steadilly as ithey become more experiencid: .

n, . ) '1.
.,...,. Each of the three supervisors was then given partt-for 10-more toys to

.

be assembled in the timed .sofssiOn. The- actual tiMe.taken by each Was:
1.

411, I.
.r

5 .,.R. . .,
, 1

72
8%)

4



Supy #1

Supv #2

.4 ,

Supv

Started

3:30 p.m.'

3:30 p.m.

.° 3:30 p.m..

_

Stoeped To61 Time
(min7s09)

21/00

4:01 & 31/15'

15 see-.

3:47 &
20 sec.

14i20

Since the times varied widely, a second trial of 5 toi/s, was run.

5tarte'cl Stopped Total Time
(min/set)

.Supv #1 .
10/454:10 p.m. . 4:20 84*

. .

.45 sec.I.

.

4:24
, Sup #2 . 4:10 p

,,

.. Supv #3 4:10 p. -

4:19 & 9/10

..

10 sec.

1%.

The times-for gach supeeyisor were then averaged:

46

Total Time
Min/Sec

,

3Sec.

Toys
. Made

Avg Time
Per Toy (sec)

s'upv #1 41/00 + 10/45 = '1905 15 . 127

SUpv. #2 31/15 + 14/00 = 2715 '15 "40 181

-Smpv #3 17/n * .9/10 = 1590 15 106

Andche average of ti* group becomes:-

Supv #1
#2

- #3 ,*

Divide by

Group Average

Average Time
(secbnds)

127

181

106

3\414 second's,

11.

133"seconds per toy for assembl

and gluing

6

For packag0 ing practice, each
supdrviseir was given 20 toys, since

the time eequired was thought tol)e under one minute for each toy.

Each supervisor was then timig, while packaging 20 toys with the following

results:

,



Supervisor:

41.

NIP

a.

-Startep

topped

Total Time
(1114n/Sec)

Total Time
(seconds)-

Toys Packaged

Avg Time/Toy

#1 #2

835 a.m. 835 a.m.

8:48 & 8:50
10 sec.

13/10 1sn0

790,

2D .
,

40

900

20.

45

Their group average was:

#1 40
#2 45
#3 39

3 124

. #3

8:40 a.m.

6:52 &
45 sec.*

12/45

705

10,20

42 seconds per toy packaged

Hence, .the averige timewas found to be:

Assembly: 138 seconds
PaQ(aging: 42 seconds

Pieces Per Houre

39

A worker spends only a.part qf each hour he is on the job actually
performilig work.

tame part of each hour is spent caring for his personal needs (getting
.

a drink, smoking, talkidg with co-workers abovit sports or family or
news, toilet needs, short rest'periods, coffee breaks, etc.)

An additional part of each hour may be used simply for waiking rather
than working. The worker is personally ready and willing to wOrk, 'but
he is forced, to wait foe' materials, wait for instruc ions r inspection
approvals,-Wait for .a machine to be repaired or adjus ed, r tor some
other,jpb caused delay.

The 50 minute hour has been proposed and widely used in industry to
indicate that 10 miputes out of each how*Os being set aside for the
personal needs or job delays described above. For most workshops,
howevel., this 50 vinute hour is unrealistic. Workshops.a're not that

--------we41 managed. (Nor, for that matter, are many, profit-seeking businesses).
Hence, the use of a 45-minute hour (2700dteoonds) is suggested unless,,-
you can demonstrate that the management of your workshop is so efficient

(
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d:e.

k,
that_clients really have an opeortunity to work some greater portion

of the hour. In some workshops where the foreman-supervisor to client
ratio is quite high (1 to 15 or 20 or more) a.40 minute hour might
be even more realistic. In no case should a workshop go'beyond the
50 minute figure, however, for this represents the ideal used by
large comPnies with good working conditions.

1he4kime value found in,Step 2 is divided into the number of minutes
seconds you select for the expected working time per hour'in your

shbp. The result is the number of items or operatiOns you would expect
from a fully prbductive, non-handicapped worker for each hour he spends
on the job.

This pieces per hour is one way a production standard can be expressed.
0

Example:

In the previous example for Steps 1 and 2;,the average tiMe per tOy
was.found to be 138 seconds for assembly and 42 seconds for paq.kaging.

*
If the shop used the-45minute hour, (2700 seconds), the qumberoftoys

. expected to be asSembied per hour are:
:

"Workin Sec/Hour
ec for 1 Assembl

Pieces/Hour .

2700 seconds
191/2 toys assembled/hour

138 seconds

'The expected packaging per hour would be:

2700 seconds 64 toys packaged/hour
42- seconds

4. Piece Rates

In order to determine the fair wage to be paid clients for their work
you must krpw the average wa4e paid to employees in local co4anies
doing A §imilar kind and level of work. A problem arises as you try to
find "similar'n work, for a variety of factors go to make up the content

of a job.

To Match up the workshop job with one from competitive employment, you dis-
regard the amount of work done in the competitive job but compare:

*

a) What are the relationships with data Which is observed or mentally
created inc16-ding numbers, words and symbols?

1)./Analyzing
2) Compiling
3) Computing
4) Copying
5) Comparing

. 75



a

b) What are the relationship5 which lead to various interpersonal
rela ionships.including instructing, supervising, persuading, speak-
ing and servpg?

c . What áre the relationships with things such as materials, machines .

and pr ducts?

1)' Precision Working
2) Operating-Controlling
3) ManiOulating-Tending

,4) Handlim

d) HN-much fexibility is expected to ir able to do different kinds
of work or sequence of tasks?

ft
Je) What quality\of work is performed as judgedby the degree of per-% .

fection requieed (amount of errors or flaws permitted without Ileihg
.classified as a reject) or number of rejects allowed?

f) HoW much supervision i§ provided, what kind of peoPle are the super-
. visors?

Is the job ,seasonal, intermitten or temporary?-

It is seldom possible to exactly match a workshop job with a job
from competitive employment using all of the above comparisons.
Generally, he competitive job will be more demand4ng than the,
workshop job. As a result, the rate of pay in competitive employ-.
ment should not be the rate to be used by the workshop in determining
its piece rate, unless the workshoptwishes to provide a wage subsidy
to its clients,.

In selecting a wage r4te, the Wor.Oop shouldmapply the'same test
wilich the Department of Labor's Wage and Hour Division is directed

'to enforce by the Fair Labor Standards Act and the related Regulations..
This require§ that: I) a wage be paid to`handicapped workers (clients)

' commensurate with that paid'to 4cm-handicapped workers in the vicinity
in regular emplqyment which maintain'approved labor standards for
.essentially the same type, quality and quantity Of work,"and 2) the -

wages being considered abo-ve as being-Aid to hon-kiandicapped workers
-ilf-t-lies-reavilar employment must be for work which is compacable to.

that performed in the workshop. Statedianother way, what would the
client be paid if he performed this seme job in competitive ethployment?

/.,
/

'When, to meet the ndeds of clients, a.job is subdivided'or supervision
or inspection is-increased to majntain quality, the job has been chan9ed.

It is no longer "like" its counterpart in cqmpetitfve employment. But .

to e§tablish this difference and establish a fair wage (fair to the
f'workshopi its custoMer, and the client who sbould get, accurate data
.about his compaitive "worth"), the worksho0 muft be prepared to -
document and quantify the differences or similar'ties betwe4n4the
workshop job and various competitive jobs. .A.s le for doing this

'is Pbund on'the next.page.

of'
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Scale.
With
In the
Where $*
Who produced approximately

oF Comparinhe Content of Workshll Job Title:
iklar Comp'etitive Employment Job Title: '1'

Company Date
per hour ( average) was paid to approximately . workers on this job

to .0 pieces/items/operations per hour ( average>
Prepared by: it . .

4.
g. .

' a

.
.

.
#

.
,
t

JOB CHARACTERISTICS

-
Degree of importance
in the competitive job
i, .Ee s se nt i a l . key

ltment

-

-15
-8

1
-2
0

0.,

0

+5
- +2

.0 :

+15
`'. +8..
-. +I

..

SPEC!-

VALUES "

FOR THIS
REQUIRE
MENT

Column

.

WEIGHTED VALUES ,
.'s

N-ne &sarY but /elle ,'

critical elment ,

.(fill in values to match .thecitcled t .

t degrees of, Itimortance) 1 fH-helpful or minor ...
11-unimportant, . .. Much less

(circle diie for each in the -mot*

job'characteristic) ShOp job

Less in
the, work-;
shop job

,
.

same,

Mor.11 in ..14hich
th(e.work-
shO"P lob

more
in the worki,,i
shoptlob

, , -1 N H
, . Analyzing

. , ..,

E .. N H U .
,.. ,

.

.

...

,

.

Z. Compiling. E N N U .

3. Computing E

4. Copying' . E N
,

5. Comparing E N N U ,

,

.

6. fEOPLE RELATIONSHIPS E N H
? ,,j,

',4
I I.

, '

v..
,!THINGS RELATIONSHIPS ,..

7. Precisieln Working

,
d. "

. E N H' ,

.

.
,

-
'

,

s

......8. Operating-Controlling E N H U. e 1 L
9. Manipulating-Tending E N 11 t . . ,

/. 10. Handling E , U
on

1

I t

-
. ,

le 11. Fle ibility to do different
nds of work ,

t f
.

.,;

. '

.

..
A"
i!.

,,

Qir LITY t
1

,

12 pegree of Perfectiol (amount
of errors . psi\ flaws , permitted,
short of bei ' ',Iiejected);/'

E N li T

,,,, .

,

Mu; Vore
. in th gork

"."- . rt.

work.
alto ob sa.

0

., es . n
Work-

sho ob.

-6-17.-tir--7-

+1

ue aim
ip.the,
sno, ct,

t
+25.

It Number OnFejects owe.
SUPERVI.SION , i-

14., Amount of time given worker
_

. .025
.

-
15. Quality of suservisor. ,. I

,
4

. .40 0 . 0 . +5 '' , +10
16. Permanence ors tabi 1 ity', Of

employment (Seasonal, tempor
ar intermittent

, I' e' -15
.

"
..

-5. . -4. ..
, -

4a -

0
.,,

+5 4
,...

.:

4-15, ..

...
.

.

Total) ot
.toltimn A

100 = x $ ,
%

.
z

Avg or Selected ,Pay Base Pity for % Expected output
of .competitive, job , outpux on.worMop 'in pieces/hour

Job
2

.61

e

$
Piec<rate for
Workshop job- .

.
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Exampie,1:

7 .

The job ol assemblin§ the-plastic toy in the workshop was studied.
It-was thought to be,most likd the job of assembling ball poirit

4 pens which was being performedlq-the Ideal Mantifattiiring Company
by gout 12 production.workers who are paid $2.15 an hour.

.

. When_an howl:Si based rate has bden determindd frog an examination
of.tcompetitive.job comparisons, the piece rate tskobtained by.divid=
ing.it by the expected pieces, per hour. , . .

/, .

&ample:
,

. . 6

tn the previous example, jf the competitive labo-r rate was determined
to'be.$.1.ip per hour, the piece rate would be:

Assembly%.
Packaging

;

'Expected Pieces/Hour

. 7

,

AVX

,Piece Rate

Labor " --qxpected
Going Rate Pieces/Hr

I
.19

64

41.

I.

0.

Piece

Rate/ea

.

11

a

,
,.

10t

3t

p.

I

i 4

CI
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)

14. WI:IAT ARc THE PRINCIPLES OF TIME STUDY?

4
.

.

If 'you have. mastered the material -urto this poini, ending with the previous
section on a',N-uick-way_to_seit_ production standards_s" yOu _Lave fi ni shed the . .

,..,,. ..course of.studyt.
... o

*
. ,

Congratulations:

This section%on time Study and the ones to follow,

15.4 What is' work rating? .

17; What allowances should be, considered. in ..setting production
slandards?

,
a.

.
,

. .. . , . .

,

- are for use-by wo'rkshop personnel whtr des,ire to-L(se more precise viethbds such
as would be followed by the industrial time standards engineer to 4tehnine
production standards. 4 .

s.

P

- The sections

16. What showld beclonsidered when using pre-detemined- time systems? .
18. What.factor shotild be considered for the learning curve?

, -
,

are also fOr more 'advanced w9rk. YoU may want iCY consider them if much olf your
,

time is spent estimating or setting-production standards.of.estimating.produc-
on o ng or- tiutputs for prici bidding or production cheliuling purposes..

.. , . - x
I .

Time study techniques are suggested for rehabilitation'workshopslecause
. theg require less training than pre-determined lime' methods and because they can

be done relatively quickly with reasonably accurate results.
. ,

. . -. .
. , . . .

, ,
s Fourdifferent kinds of time can

,
oCcur in the making of any irrodu:ct, These

are:
. . . .

..._

, ., .

9

4.
1. Cyclical elements: These elementS occur at leastfince in ,every sequence

-or cycle of work. An example would be- the use .of a hand'operated drill
press,. being used to drill two holg' in .a piece ofstiel. The 'fee,d handle
must be pulled down each time a hole is to be drilled. This -Pullirig of
tbe handle will occur two times in every.piece of steel produced 4y this
di1 press_operator. Pull ing the handle is .a cyclical element.

,-
Non-cyclica81 elements: May occur..once.every two,..,fivesten, or any
nUmber of wOi.k sequences or cycles. An example inthe drill press'
illustration would be the periodic replacement of the drill bit to

.
"

replace with- a shargned one or the perioslre srefillings-of the cutting
oil reservoir. Tbe refilling of a stapling machine is another ekamplet

. 4s

3... AvOidabie delay: Are idle time, dropping tools, uni4ecessary moving or,,
'tasks done by the worker which is not -required in the performance of
hts job:

4, Unavoida,ble delays: Are delays that are beyond the wprker',s control.
$iatiagement must either eliminate them allow time, for them. An example

wouild be waiting for inspection, or waiting for materials to be deliVered
arrfor finished products to be taken away from the work station..

79
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v.

.

Be-cause-tiny are most easily overlooked, the non-cyclical elements require
special attention wyn the time studies are being used -to prepare a bid on a new
job. ,These incilide the time required to set up a job, the transportation of,
materials 'and finished part§ from one work station to another, periodic

' rications of-equipment or.chanqe- of tools or cleaning, tear down and take aWay
time when the job is cbmpleted, and oany.of the packaging, protecting, sealing.,
marking, and -counting operations performed to prepare the item for shipment or
delivery to. the customer.

Time study observe's and records the time required for the cyclical and
'non-cyclical elements in the p4rformancel of a-job.- The cyclical elements are
most 'easily studied. Half or all day' studier.are preferred for accurate identi-/
fication of thet hon-cyclical elements, when the job is important enough to justify;
it.

.Time study is best. done With the actual wOrk. A pilot 6r sample run of a
results in -a more accurate pro

duction standard. This too leads to a better Did or price being established.

Steps in the time stiidy process:

I " A

1. Completely Aescribe work methods and working conditions

2. Break the job into elements

3. Measure actual time (observed time) requiNed by a selected worker

4. Rate effort or pace

5. -Calculate normal time

6r:, Determine appropriate allowandes

7. Calculate standard time

4

In -suriimary,jime study is -the ;technique f6r finding*the time required.
ft

By,: S thiner worker

Working at: a normal pace' or effort level

.14,j_jth sVecl methocts

4.

material s

-tools

equipment, -and

working conditions

To 'dti: a clearly 'defined unit of wo'rk

f:-

80
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- 141\ . HOW DO YOU. USE A' StOP, 44ATCH? ,

.

----,

%.There are twosystemg fol. using a iiiop watch.
44 ,,,,

'. e

,
In thePsnap back timing" method,' the stop watch hands are st5srted from,

.e.
zero at the beginning of each element and snapped back to zero. at the end of

the element rOdy to 'run again for the next element. A readjng of the watch is

made just before the hands are snapped bacl$ and recorded in the "T" (for "timP") 1'
calm). on the time study sheet with no further computation necessary°. This system ,.4,.

, is crtticized becad-se 9f the fracti9na4- loss of ime during the reading of-the

position of the hands.
-- A

The "continuous timing" Method has the watch started frOm zero at the IA-
ginning of the (rikst eleMent", but instead of being returned to zero for pcb
successive element the hand is Remitted to continue to move. As each element

is completed, a quick readi4 of 'the hands is made and recorded in the "R" tfor.

"reading") column on the time 'Sheet. When a series of up to-10 complete continuous

cycles are- pecprded,.the watdh is stopped. The differenCe b.etween readings far

sUccessive elements is then calculated and recorded in the "T" dcolumn.

.

.

If you do not have a stop wafrch, the sweep secoind hand On 'an ordinary watch

can be use'd satisfactorily for most workshop time study jobs. It woulebe used

as described for the stop watch continuous method with a reading and recording

in seconds' at the end qf each successive- eleMent:

For very short, elements, of 5 or 6 seconds duration Or.less

of counting seconds may, be satisfactpry. If you say at a normal

"one thousand one, one thopsand two, ene thousand. three,- one tho

you Oill be able with 4 little practice, to be 95:297% accurate (

in one minute).: ,

A Time Study Trainer Praolem

, the methods
speaking speed,

usand four, etc.,",
2-3 seconds error., ,

N

. ,

The Time Study. Trainer*rotates a disc'divided into eight colored sections.

Each color represents .a task or element which is to be timed with a stop watch

or -sWeep second watch. The times obtened by you can be -checked,a.gainst known

values at the end of the problem so you can lodge yodr accuracy. Ipo tp the viatch,

Put the names
IOf ttre colors 4,1 the "elements" column on the Time' Study

Sheet: As the disc rotates, ,record the Oalues from your watch. (hUhdreths Of a

.
minute for the stop watch, seconds-for the sweep second watch) in the"R"

(reading) column neare4 the "elements" column. You note the watch. reading

at the end of each.color and record it opposite that color on the sheet. The

reading at the end of each Co.lor is 'similarly recoMed ilvmediately below the

previous one. At the end'of the eydle, go to the top of thé next "R" column

and contionue to record down that eolumn for each color as 'before. When the

last cycle has been timed:'the values far the "T" (time) column are obtained

by' subtracting' donseculive "R" figures.

One special note for those who mse, sweep second watch. because you cannot

.4Start your watch at zerp, "record the sta ting tim4 up17)e'r half of the "R"

,box at the beginning of the first oolor ihe first cycle. Then record the ending

value in tle lower haie of the same box. This needs ,to'be done only once foreach

timing sesSion, to establig a Oalue from.which to subtract.your first ending ,

reading. From then on, idwooth the stop,Watch and sweep secokut watch methods, the

ending time value automatcally becomes the beginning value for the ne,xt colAr

9j
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within a cycle and from one cycle to he next when the cycles fo1lweach.bther
ithout interruption'.

air

After the "T" values-have been computed, a y widely deviant v are
dropped and the remaining ones totaled for eac color or element. Th total is
-divided by the number of values used and an average time thus obtained for eaCh
color dr element.-

a

6

4

4.

;

I.

11.

Vo.
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WHAT IS WORK RATING?.
St

`4 A

.

ii, \

t.

We all. know there i a Ode difference in-the speed.at which'people
work. Studies have shown in industry the fastest worker will produce

about tOce.as.much as L6 slOwest. You know.from your.own experience that

some days you can accomp ish mbre than on Other days. Your dood, attitvdes,

whether you are refreshe or tired--all effect your4erformance. Couple these

factors' with the wide'range of 4ills which.different peoplePpssess and it .

provides an explanation of'the wi e variation iR performance Wich is to be
. .

expected from workers. :.
.

Rating is.the coMparison df the speed of a worker to the observer's
concept.of normal working,speed. Normal working speed is not that which can

is adcomfortabre pace which can be kept 0 al-I
day without unusual fatigue. An'somejobs such' as typing, a minimum speed'is
necessary to maintaindrhythm. In others such s shoveling dirt, effort must be

controlled to prevehttenergy. burnout. S.
,

Standardiied ratingepractice exercises have been developed tp;assist your
learning this normal'working speedconcept.* All work rating exercises involve
tasks for which normal times haye been developeaby comparing the.opinions of.
thOusands of industrial engineers. These*Agreed upOn norms represent their

concept Osan average'working spged or'pace.

. Rating can.be learned quickly but it is necessary to refresh your memory

, by using one or' more ofthe rating exercises before y start tfme studies. This.

.is especially important if yal do not make many time tudies.0

Three of the more common.of,these eXerciset are deicribed on the next few

pages.

15A. 'HOW 'CAN.YOU PRA'NCE WORK RATING?

a 4 e e

S.

Walkin9

Measure either a 44 or 50 fobt distance. Place tAlo.ci'lairs about three feet

apart at either end of this distance. Stretch pieces of string across the three.

foot space between the seats 6f the chairs. The string may be herd in place by
putting a book or similar object pn'top of it as it rests on the chair seat.

. Thu5, a person who walks along the measuredAlstance Will hit the 'string

with his legS and pull it from under the bodk as he walks between the chairs at

both the beginning and end of the 6urse:'

S.

.Have the person who Walks.the course start elght to ten feet in front. of th4,
starting,point so he is traveliq at a .regular gait when he hits the starting

strfng. He should continue at a Ainfform speed and walk on throu44the string at

the end of the course.

One Or more of the observers shou;d Use either stop'Watches or a sweep'

second hand wa h to recgrd the exact wa101ig 'time from one- string to the other.



\Each observer and the person walking should form an opinion of.the speed of

of the walker. - This, when expressed as a raVng, uses 100% to represent al
average person's normal walking sneed. If you think he walked about 10% fa'ster
than normal, you would rate it 110%.- If You thought he mas slow, your rating
could be 80% to represftt a walking speed on3y 4/5 as fast as normal. Important:.

Do hot lodk at the time figure for the walkidg until you have recorded your.
observed rating percentage on the Rating PrAstice sheet, see page 90,

The time for the walk can noa be found on the Table of Time Values aild

Ratings, page 89i Reading across the horizontal line to the column on the left
will reveal the.,true rating ftich should also'be recorded on your Rating Practice

sheet.

Subtract' the true r:ating from your arserved rating to determine-the differencee
and dirertion of jurtment -prror A Oils di .0 ' Ai e ov

rated the walking,:,.. at is rated.it too high. A .minus difference'indicates that

you rated ihe walking as being slower than ft'actually was.
. .

. .
. \

.

Walkihg on the level without a load at three mil-es per hour is considered

normal or 100%

Card Dealing

Use.a relafively new deck of 52 plaYing,cards. Deal the cards.one at a tiMe

into four separate piles around the corner's of a one foot square. . Hold the pack

stationevy about 12 inches from the center of the s9iore. Thce dealing hand should

place each card on its pile. Do not tosS the( cardssfrom a distance.

Make and'record observed rating judgments and,use time values to find true
rating percentages as described in the walking exercise.

Because the method of dealing and condition of -the cards-can influênce the

time, card dealing is not consider0 to be as valid as the pegboar exercise

descri4e5,1 neXt.

The 52 cara require 0.5 minutior 30 seconds to deal at4pormal or 100%.
.

110e_gboard

, .

S.

The 30-peg pegboard-described.in Section 10A or a similar 60-peg pegboahl

wfth ten Nertical rows of six pegs 'each is an inexpensive and effective rating

practice device. It is especially useful when finger, hand, and .arm dexiterity

and coordinationijobt are*to be performed.

A pin'is-to be picked up by each hand simultaneously4from the supply box

located next to the pegboard
-to be put rounded end dor
the holes in tbe c
rows working suc
the rows immedia
4ext to t44 oper

n the side away from the operator. , The pegs are

the beveled holes of the-pegboard starting with,
the board next-zto the_operatOr. Fill the vertical

away, fromikthe operator. When the row'is filled, start

ely -next to the rows just filled, again beginning -with the holes

or and working iway frowhim .
. . .

-II .
,

Make and record obsenvea ratings and.use.the time values to.f
rating as.described in the walking exercise. 4

87
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For 811 Exercises

- Repeat each exercise used at least ten times. Vary the speed.of perform4nce
within an 85% to 150% range so both observer and performer can achieve accuracy
within 5-10% for a variety of speeds.

$

9
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_ Tab-le- of --T Values :for* biffezent._

Rating,

5070 .

60
70
.75
80

Using a Stop Watch
(time in mint4as)

Card (

WALK PEO13 O'ARD Dealing
44 ft. 50 ft.- 30 Pegs

.313 .3'8 .82 .

29 32 68
.24 .27 .59

6

L.

85
90

5
100
105

.110
/ 115

120
125
130
135
140
150

. 18

I

:/.

60 Leas 52 Cards

1.20
1.12

I.
89

.84 -

80
.76

.. .73

.56

,a.50

.46

. 12

. 12
11

67
. 15 .32 .65

62
. 14 . .30 .60

13 > 27

:42

39

.36
33

...Us.ing A Watch WithA Sweep Secorid Hand
4time in s-econds) .

WALK
-.1j6ting 44 ft.` 50 ft. 30 Pegs

5070" 20 23 49
60 lq" 19 41.

15 35
33

13
29

4 P E B 0 A R. D

70
75
80
85
99

- 95.

,60 Pegs

, Card
S. Dealing

52 Cards

50
43

38

loo
1.05
110

A. 5
12 0 - 21

140 7 8 18 .

150 8 16

,
127' -

23
22

- 21

.33

30

27

25
23'
22
20

A

".
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RATIN6 PRACT/CE

\-. . s .

.,
'A: .A. .-,,

Task f

.Task

Task

. .
rTrial

.

t . Observed
Ratigg .

True
Rating

1 . , ' V.---
, 2.

3
'r

4
5

. _
1
2
3
4
5

+ ,

- .11)iffe're4ice

Task

Task

3
4
5

0-

1

3
4
5

2
3
4
5
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,.
The 'film, MULTIPLE-VIEW TIME STUDY, :Number-WC-904-may be tented* fbr $10.O0

per showing frob the University. Of California, Extension Media Center; Berkeley,.
California 94720.

The film sigultaneously shows six vieWs of an Operator movin4 steeFballs.
to a rotating index plate (loadlndek plate bimanually). thefi.rs:t half of
the film, each view° is I'abeled with the worker's rating ranging frorli 70% to 145r.
in steps. the set-ori-ci half of -the fiim, the viewer is to assign ratings ,

to each of the views for cvmparison with the trueolyes which are furtilshed in
th'è instructions.

'Another film,'.TIME S1.f6Y RATING, Number UC-903, may be rented Tor $11.0,
per s;howing from the., Uni versi ty of_, Cal i forni a as *abov.e.

ON.

It shows 30 full screen trials of the operation described above. for *the
viewer to rate: .The firsI sCene is a 100% performance. True ratings are
furnished in, the instructions for comparison and analysis.

The 1965 series films-on DIRECT, INDIRECT, AND CLAYCAL OPERATIONS were

prePared by the Society for the Advancement of Management. There are six films
in the series, each of which may be rented for $5.00 pew showing from the Rehabili-
tatiOn Workshop Administration, University of San Francisco, 2130 Fulton Street,
San Francisco, California 94117.

e:

these fi lms' show 5- different rated;s06ds df -18 jobs as follows:

Film 1: Mail Sorting, Manual Typing, filing

t

Film 2: Comptometer, Key Punch, Check Writ(ng

Film 3: Drill Press, Turret Lathe Punch Press

Mechanical Assembly, Engraving, Form Rug C p

Filen 5: Sweep Floors, Wash Windows, c*?p Floor

'Film 6: Pack Cans, Seal Cartons, Stack Cartôns'
/

e,

.

93.'
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TIME STIlliY RATING EXERCI SE

Load Index Pl ate Bi.manuaily. 41,

1st 2nd . acual
.

f , or

a - #1.
-

A
a

,
P

- ,

1
il

2. 2 ,

4

5

Total

Average

#1.

2

3

4

5

Your average mtnus actual average
. equal s your_ acctirdcy

#1st

2nd .

3rd

lp

41

%

.0

I

-3rd actual - -4th"

4th

e

12

13

14

15

16'k
7 17

18

. 19

20

22

23

24

.25

26

27

28

29

30

Total

Average

.;

It

ra
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1513. HOW C YOU RELATE ACTUAL 'TIME Tp NORMAL TIME?

Actual o observed time &rpm th? time study) is the time takenpy a. (

given worker to do a .faik. IM-011. time is 'the time it will take 'an average

wQrker who is skilled in'his classification and is familiar with the job to

-do ,the task.
... 1

t , .

The actual time taker), lay such an ayerage workmen), often called 'a 100% _

- \jaorker,, is thris the same as the normalrtime. If, however, the worker is aboye

average, he will complete the, task in less OW. The actual ; observed. time for

this performande must be adjusted upward to obtain normal time or the time ex-

, pedted.pf a 100% worker. Similarly, a below average Worker willtake more time

on a.fask. His actual opserved time needs to be reduced )t/o Obtain normal time..
,

5
1 o e

TO make-the .a,djustment from actual- time. to norma) time, you:

-,, * .

1. Start with actUal time (Observed.time) in minbtes dr seconds.

2-. Multiply, times the ratirw-in dem4l form N

3. Answer is normal time *in minutet or conas
* . .

Formula:7 , \...1.,..-- I
el,

.

.
ft..

.

ACTUAL TIMt X RATINGs.

(in minutes (a decl-

or seconds.) mal)

NuRMAL TIME
(in minuties or
secods)

.A.worker packed a bag in 12 seconds and is ratea as working at 2/3of

normal cir 67%. -The normal time for packing the bag shoyld be 8

seconds.-

r-% 8
n

Example:

A worker i 5 timed at 0.3 minutes*.while assembling an item and is

rated as woi-k-ing at 119% of normal. The normal time for assembly

should be 0.33 minutes.

.3 x 1.10 :.33

If you tike and rate three or more persont on a job, you should obtain a
reasonably uniform normal time from each calculation. A significant variation

in the .calculated normal times would indicate that either the method employed-

by eaeti per-son was different'and/or the rating assigned to each was fault.x.

It is harder to accuratel rate peoplp Who are very fait or yetry slow, sO

be cautious.with persons who fall into these extreme categories.

C'r 1 fa
95
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IItr SHOULD ItE CONSIDERED WHEN OSING PRE-DETE4MINED TIME S'YSTEMS?

.

.
... .. .

Pre-determined time systems, such as MTM, PMD, orPMT,`require. considerable
skitl and reliatively long periods -of time to prnplete when, the job itodat studiecl ., .

is an elaborate one. They are most useful swhen the job invohies a large amount/
of labor -on a relatively simple opaeratipn. I. the-woK,to be, performed is rela-
five}, corapl6x, the timkrequfred to prepar them and, hence% the cost can-quickly.
become prohibitive unless the,.production rur is long enoqgh to justify the t.,udy. .

lb

N;4,. .. . ,. -
- The chief benef-lt which pre-determined time systems proVide is the freedom

'fraigli. the need toeate" the performance of.;wOrk. The.time "values-for each pre-. .

determined time juotion.have al-ready been nolialized and reflec; the time for an. .

average workman t,o perform such a moVement: :This Characteristic would make pre.... \
determinettetime systemS of:val tie foVworkshOps with severely, handicapped c.lients '
-whoseat4 of performancels considerably. different from that of normal and where
as a result, the process bf rating thein becomes more difficult.

.

.
.

0 '
.. .. 0 . .

' If he wOrk on an",item requires a long series 'of operations or "steps. pre--
deterntièd -time systems can be off.use in balancing a:production line where .a

, number of workmen each perform successive pieces of the total job. With'time
, study,'.ft is more difficult to time s'ub-elernents or parts of a job. In pre-

deterniined time, sub-division comes- niturally'frolp the -teChnique. .Tinis, the
job can be sRlit into equal. portions of work. Thit.CharacterisAidis particularly.
helpful in.establishing fair hourly rates of pay for a gr up or woi,kers .on an.
assembly. line. It also can. help to equitably distribute t e. Work.eTerae_rifs among .

...2---, _ __the workers-in--orderi-to-ge-rmaxivim---t-oratTirciductran, ffo-in t e gi-6i*... :

41.
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17. WHAT 4LOWANCES SHOULD tCONSIDERED IN' SETTING PERFORMANCE STANDARDS?.

P 1/44

The most common types of industrial allowances-are for.personal time,

fatigue, minor delays, and4unavbidab1e del.pyt.

learning flufor is felt to bek nedded in tost.wo'rkshops to correct for the

. freouentshort production') runs. *0=
.,

.

. -i,

*.PertonalalloWances prOvide time lor:Pirsonal neals-such.as going to the

.restk.room, vausing,for refreshments, on socializing.
.

.

.,

,
.

A
.

.. 'Fatigue gilowances are the mOstAifficult tq deterpine. ExcessiVe..Ohysical

fati ue is disappearing in industiy with the;expandU use of*cliinery and4be-

taus. of unavoidable delays which give the worker-some reSting time. Under extfeme

working conditions, such ag infroien food plaAts,-tteel Mills; and heavy labor. '

Writ; a worker is granted a 50% allowance which means he.:is only expected to work. .

half of,.the'time_ , .
,

Minor delay allowaies.are sometimes provided
.

for 'getting personal tools

.

..

ready for use, get-ready time in the morning, and clean-up time at night:* This

allowance ig best determined ty time studying several wOrkers fbr a full dd.Y's I

shift, 4

0 -..

. , .

UnavOidable delay is used to make it postible for a normal worke to reilth

laa4L-performance_for the entire shift_ IbisAlloulance_cavers.ideiavi,Jausediv

conditions beyond the emplore's control. Waiting for.job assignment, waiting

for tools, waitinvfor materials, and t(saiting for inspection are typical'examOles

of unavoidable delays.4 These delays are manage nt problems: -Wit manajement's

li
responsieMity to be awai-e of them and to kee them to a minimum.

A
Another time adjustment exists which most rehabilitation wbrshops ignore

This is a factOr based'on the learning curve. Jt is'of part'cular importance

to,workshops beta Iminy of the jobs which they perform are. .the short dura

tion type 1usry minimizes the problem by scheduling long sustained pro-

dyction nt. It the, permits Its workers to become thoroughly skilled,in'the

job.they a e to perform.. Thisis seldom done in,a Workshop. Although the Tength

of time to learn a job pill vdry with the complexity and,the degree of skill.reL

quired by it, thereais a.uniform Vattern in all learning. This pattern is char-

acterized by rapid'improvements af first and then a gradually slowing rate 0
imO.ovement over continued time. Sometimes.plateaus-occur when improvements are

temporarily stymied: Thesere then followed by a new increase in skill when

mastery-0 previous work is setured. ,Such a stair-step pattern of improvement

and plateau followed by imprevement'and another plateau, and,so for0, is to be

expected. Sectibn 18 will deal with ma0ematicaT correctionS which Can be made

for the learning curve.
. .

17A. HOW MUCH TIME SHOULD'8E AIVEN FOR ALLOWANCES?

Theredare three factors which influence the amount of time which is per-

mitted a worker form:in-productive purposes.' .

The degree af competition experienced by the company in its own field.
, ,

2. The accuracy.or relative tightness%of looseness'oft Standards which

have been set;

9

4.
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3. The 'frquency of slob changes Or thekle production runs-.
.

In some incrastries (for 'example -the -sewing or the od processing in-
, dustries) competition is, so keen and prof,it margins so narrow that workers

ave expected to and do.produce.nw4hvery tight and demanding dee standarrds.
Owtput must be very higli and wasted or lost timel held to an absolute minimum
for the worker to be able" to barn'a full day's wage in this-type of work-. By
cOntrast, there are jobs (such as in sonwoof the aero-space Wdustries and in-
service occupätions) where the employee as under -arnsiderably loss pressure to
be Oroductive,each moment of )(is work day.,

. Althou§h Most wokshops.assume 4.nd areoften,led to
,

b-eleve- by their cuS-
tomers that they fall into the first category,' it.is probabfympre accu'rate to
vieW them as i an industry where relativ'ely loose time standards prevail. 'This
is partly because of the natuil7e of the work .end--partly betaUse of th'e "nuisance" N.'

or short run tirractertsties of the jobs,*).-formed.'in the'workshop iearning:-
time, set uPrand.start up time, and supertilionkmustbe hi4h in this kind;_of . .

,

The typ-i cal 'time al lowd. fo-r .personal allowancewill raiige_..between' 4 'to
1, depefidi ng primari y on the frequency' and length 'of coffee ,or rest breakk

, Coffee breakslasting 15 migutes each would account for almoSt .7%.of such an
. allowance. W I

atieaowaffces stid-uld be reTa-ti vely .shor `wetinre-hi-Mita iron -workshops
Values rangi ng between 2 to 6% (betWen 'cline and tvmnty-nine 'minutes per day)
should be considered. adequate. H *

Time for minor delays and-unavoidable ,delays should reflect the efficiency
of.making and changing job assignfnents of delivering materials.to the workers,
and of the maintenance .of equipmet irqenerai . tihile %if is-.management's, job foto
keep then delays*.at a minimum,...i is genfrally true that rtehabilttation work-
shops 65 a much pocirer job o!th than does industry-in general:. For this
reaSon, it seems apPropriate to use relatively high allowances..in this category
pending the.improvement of supepvisory and management skills. A 5% delay allow--

. ance would be a reasonable goal 'to seek to' achieve, but 10 to' 20% is a more.likely
figure fpr the present state of reimbilitAion workshop managerial efficiency.

In total, then', allowainces wOuld range from a low of 11% to a high ofsabout
A. h

26%. In practice, lbout 15% is a fairly competitive allowance figure with 25%
a more reasbnable average 'or. j'ailent 'workshops'. .The exact:figure, obviously,'
must be tailored to theworkshop itself.

17i3. HOW. CAN YOU RELATE 'NORMAL TIME-TO STANDARD TIME?

Normal time represents the amount of time required bY a trained, average
workman to do a given' task...Standard time take§ into account the time requir'ed

the various allowances. To compute the standard time. you:

,., 1. Start with normal time sin minutes and seconds

.

2. Multiply times the allO0aoce in decimal' form

t.

98
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4. Add the aiginal normal tinie
at,

,

The answer is standard-time it minutes or seconds
-

Formul a:

NORMAL TIME x ALLOWANCE FACTOR
(in minutes -- (a deciMal)
or secohds)

.Examwje.: .

...... ,
. A

.- . ,-",.,

The calculath.deormal time for a.woreer to pack a bag ts 8 sec..6nds.-

The workshop figures a' 25% .alloWknce factor! The storridard time
for. packi.hg the. bag should be 10.1ecdrids.'

, 4 .
.

(8 X .25)"*0.11- :8 .6 10 .

I

+ s NORMAL TIME 4. STANDARD
(in . TIME (in
'ort, seconds) mi(ufes or

s conds)

Exam0e:

A worker's normal time for assembly of an i tem is .33 minutos. ( A

15% allowance for pArsonil time, fatigik, and delpys is recogntz,ed
by the workshop.. The standard time to assemble it is .38 minutes.

Aalla

(.33 x 15) + .33. = .38

17C. HOW CAN YOU CALCULATE STANDARD HOURS?

The,standard. hours val ue)is the len,gth of time in hours required to do a?

job or, to produce a product by an average, trained wortanan who is granted ,

necessary allowances.

NM.

,

.

.
.

Ot

Standard hours are .computed by:

1. Start with the standard.time in minutes or' seconds: ;.

2. Divide by 60 (for standard minutes) or by 3600 (for standard

seconds)

«.
3. 'The uswer is standard hours

Formul a:

STANDAR!) TI or STANDARb TIME = .STANDARD HOURS

(in Minutes) (in.seconds)
3600,'60

Examples:

A standard time-of 10 seconds iS tal ed for packing bags. The

aVerage worker will require .00277 standard hours to do this job.

10

3600.
= 0,00271



Example
,

A standard tim'of minutes js calcul tecrfö assembly oran item.
An averagq, 100% worker will rAuire-10063.
job.

38...
.0063--

60

A

17D. HOW CAN Y0,9 CALCULATE EVECTED OUTPUT PEk HOUR?

(-- c

Stahdai'd title valaffs c'an be used tO compute ilroduction standard

is-done as follows:.

andard hours to do'this

Start with standard ttme in'Hminutes or seconds-Ori;Ciurs
.- '1\ 4*:ik

Divide into 60 (for minUtes) or 3600 (for seconds) to
outpt from an average 100% worker, or

A

t hourly

Divide standard hours into 1 (Or find the reciprocal of the standard
hours in a math bódk) o get hourly output from an average worker

Fbrmula:

1 60 _ UNITS OF OUTPUT

STANDARD-TIME-On minutes) PER HOUR

I.

Or:

Or:

60,
STANDARD TIME (In seconds

1 ,

STANDARD HOURS

Evmple:

UNITS OF OUTPUT
PER HOUR

ii

UNITS.OF UTPUT 4
'PER H UR .

ol

1 4'4

4

2

dr

A standard time of 10 secOnds. or .00277 standard hours is calculated

for packing bags. The averau worker on thiS job should produce 360-

: ba2s per hours

1"

3500 . 360

10 ,

p.

Also

100

.00277 L.

36&

44-
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Example:

Assembling an item was calcalated to rexidire' a standard.time of .38
minutes of .0633 standard hours. 157 items per hour shauld be
assemble.d by 100%wors.ker.

60
157 Also 1. 157

,0063

J

A

aM=1,!V

(-"..A""

I.

,

aelamm.

.
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18. WHAT FAciTOR SHOULD BE CONSIDERED FOR THE LEARNING CURVE? 1'44,

As a person repeats the same task over 'and over'again., he _visually; takesiL/

progressively less time for each complete woisk cycle. This' im royement whicd,
comes with practice is due to the fact that we "train" ouxt m ahd brain to

automatically perfor the manip.ulatio ..and Mental mat quii'ed.by,the
job. The moreTt,traini g-provided, the14, utomatic -ess becomes',

It haspbeen found that a swthematica relationship e sts betWeen the Tength
of time required to perform a task and th number of tms the task 'has been

performed. The Quantity r4ctors,on the ne page hay been -derived trom this
peibed in How to*. h learni 'Cave by\ Raymond

s, Boston, MasS. The

the- number of operationg
e time réquired for the
umulative average time.
e.- T amourtt of the pen7

x jobs 95% for quite ."

learning curve theorem as d
Jordan as published by th
Theorem states that beSto
performed by a worker do
operation declines by a f
This fixed percentage has
centage will vary in ordinany work from 85% for comp
simple jobs.

4

atéri al s 'Management Asti tut
\ about 16 operations, everyti
es, the new cumulative aver
ed percent of thee prevlOs
een called the learning. eu

' An illustration of the lOo'rnivg curve r an in 40 ween.job, somewhere

midway between a complex and Oimple job, `4\ld be llows:

A:job -conststs of the tassembfiro ca -toy train

locomotive involving 47 parts. ome of hp petsrequire
-screwdriver and small wend', fab Others are glued.

A few are soldered. The 90%: learning v'urve has been. found to.

be applicable.

QUANTITY FAC ORS 4

sz Ii use with. dvera4e

er ho rY / 4.

, 4

For adjusting from small lot test runs Ai)
time per unit. or average qu4ntity produged

fi

Lot Size
u ntit

' 8000=15999
4000-7999
2000-3999
000-19'99
'50b-999
50-499

' 1 5-249
6b--124

36-59.'

1649
8-15:

4-7
2-3
1

.

*B6sed'on 87%
**Baksed on 90%
***Based on 95%

\./ /
Complex-Jobs* -Ayplaislot*,Sim le;-Jobs***

0.9
1.0

1.2

1.3

1.5

1.7

2.0

2.3
2.6

3.0
3.5

4.0
4.6

5.3

learning curve
learning curve
learning curve

0.8
0.9
1.

1.

1.

41.5
\ro 1.7

1.9

2.3
2.6

2.8

3.2

.

{Where with ubling of production,

thek new cumu 9,e average time pers

the previous 'Wnula ive aierage.),
unit declines., p percentage of

102 120



3. rormlulii:

:1)

4,\
I ,

sC'
C- , ., ....

'f. 'averaW t'itilk pet;* uni t. is ,known , for Oe urkitsn')a fma%"11# l .cf.;
,., .

.
. -. .

. i . : Qqantity ractor ;:
lie_,; :. . 7 ''''' ar9ey Lot..- :.:-'!--

. .. *A age II-me/CO t-. -,

.Quanti ty Factor
$ '" for -Small Lot

Average t4.meilinit,.
rfor.*SrndlVstot,"--/

average /ivantity,.pro

.

When a
person
assembles

gp,-T

- fcr4targer- Lot.

dutect.pex hour i?.-'known for the imal) lot;

Quantity. Fa tbis
.-$.for Small .Lot .

Alerage Quantity 'Pro-
s- duced/Hour fOr L'a-rger.tot

Total
Time
Riequire'd

(Minutes)

16 locomotives . 1600

32

64 .

128

256

.512.

1024'

t

if

.
Quantiiy.* Factor
fof Larger. Lcit
Av@rage-,Quantity Pro-
duced/Hour for Small
Lot

His avergae. The ratio of Thb.

cumvlative new cumulative avg..

time for ea. time compared with
unit is: he previous
(Minutes) five ;39. time

2880

5184/4

9331

16794

30208.

54574

These relationships have `been summarized t e follOwing table of factors

Which make it possib.Ie to:
)

1. Predict the average treeper item for a 'larger production

laud of a jobwhen the' average time per item is known from

a sample tr test run.-

90

81

72.9

65.6

59

53.1

90%

90%

9()%

Mt, ,

,

2. Es timate the average time per item exPacted to be achieved by a
worker on a neW job assignment when the' average time-per item is

known for an experienced worker.

To us quantity factors table, first select the learning curve

percentage which appears to be .suitable for the job's complexity
When in doubt"; use the 90% learning curve column.

103.121
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Next, enter the factoRs from the table in the appropriate fo la along
'with the time value.which/is knok. The other time4valueca&ten ._

. be, calculated by solviOrthe formula-with ordinary algebra.

Cxample: . ,.

C:

'41

40

vs 0

In vsample production run of 30 items, a :total of 5 hourS was worked
by one wOrker. The production supervisor needs te predict how long
it hdll take this worker to make500 items.

Since 30 items-were made in 300 minutes (5 hours x 60 minutes/he),,
the average time per item was 10 minutes.

(4,6

300 total minutes
10 miln/item

30 items .

This ts put .into formula #1 As the average time per unit"for
4

ip minutes

The small lot of 30 items (the sample run) is in the range of 3054
on the table. The factoe on the line opposite the 30-59 range in the
-average job column is 1:9. ThiP.ALPELILA,A4.J.4helfumula_as_thP
guantip factor for small lot.'

.1

1.9

10 minutes
,

The large lot of 500 (the future production eun.) is in the-500-999
range. The factor opposite his range in the average, job column is 1.,2.

.Putting this in the formula makes it look like :

1.9
1 2

10 minutes

Solving the formula be letting "x" stand for the average cumulative time
for each item when lot of 500 are produCed is done by:

1.9

10
1.2

minutes

1.9x = .(1.2) (10)

1:9x = 12
x = 6.3 min/item

.

ThuS, the Kb items will be made with an average Eime of 6.3 minutes
per each. The entire 500 items will' take 3150 minutts or 52 hours and

30 minutes.

(500 items "x 6.3 min. = 3150 min.)

104
,
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Example: . a

Experienced.viorkers. take an'd average of 6 minutes per Item to do lots
of 3000 items.. The item is fairly complexs reqUirin-q. considerable
work skill. How much time should a new worker take when he hOs com-
pleted his first 16 iteils? 32 items? 64 items?

For the 16 items calculation, using the "complex,job" column:

*3.0 1.2. -.
'x mjnutes 6 'minutes

= (3.0) (6)
1.2x =' 18

x = 15 min/item.

For *the 32 items:

2.6
x minutes

1.2x = 15.6
x = 13 min/item

1.2
6

;S..

4.

1 For the 64 'items:

2.3
t..x minutes

t. 1.2
6

1.2x,= 13.8
x = 11.5 min/item

. ,

-Formul6-1/2 which-can be used with this table.of factors relates .to
the average number of iteins made per hour by one worker at various
production run lot sizes. The formula is used in the same way as
described in the previous examples except that the average quantity
of items. produced per hour is inserted and solved for rather than
the overage time per item. ,

ExamTile:

In a test production run, 21/4 hours were required to make 100 kairly
simPle items: How lonp, will it take one person to make 500 items?

total items made numb& of irtas made,
time required per hour in test run

4,1

100 4e.ieems per hour
27-23

Using. formul a #2:

1.24 = .9
x 44

,

C.

4.



4.

19x = 54.56

x = 66 items/ho.ur

total items to be made
output per hour

5000

Hours of kirk
=

= 75.84hours for. the k000 lot

required

further use of these learning curve calculations permits you to
pivdict the average time required to make on6 item when the ave'rage
cumulative tiiffe. is known.

. .

It is reasonably accurate to., say that the average cumulative time per
item tor one let size range on the table is the same as the time per
item fork:the middle iteM ih the next smaller lot size range.

Example:
-

Assume that it .has'been calculated that,the average eumuldtive time
for 500 items is 6.3 minCites per item. Since 500 items is in the 500-
999 lot size range, the middle item in the next smaller lot size range.

. (250-499) is 375,. Thus -the 375th Atm should take about 6.3 minutes

500 items.. It must be recognized that these values are approximations
.for...,rough....,comparlp.on,5,0PLY

4.

4.

106
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